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Supplemented and Unsupplemented Tissue Sealants, 
Methods of Their Production and Use 

Field of Invention 

This invoition is directed to unsupplemented and supplemented Tissue 
Sealants (TSX such as fibrin glue (FG), as well as to methods of their pioduction 
and use. In me embodiment, this inventicm is directed to TSs wiiidi do not 
inhilntfiill^hidmessddn wound healing. In anotfier embodiment, ttismvention 
is directed to TSs wiiich have been stqiplenMnted with a growth factor(s) and/or 
a drug(sX as well as to methods of their production and use. The particular 
growth factoz(s) or diug(s) that is selected is a fimction of its use. 

Background of Ike Invention 
A. Wound Healing and Growth Factors 

Wound healing, die rquir of lesions, begms afanost instantly after injui>'. 

It requires the successive coordinated iimctiim of a variety of cells and die dose 
regulation of degradative and rege n era ti ve steps. The proliferation, 
differentiation and migration of cdls are imptmam biological processes which 
underiie wound healing, which also involves fibrin dot formation, resorption of 
the dot, tissue remodeling, such as fibrosis, endothdialization and 
qiididializaticm. Wound healing mvolves the formation of highly vascularized 
tissue diat contans numorous capillaries, many active fibroblasts, and abundant 
collagen fibrils, but not the formation of specialized skin structures. 

The process of wound healing can be initiated by thromboplastin w*ich 
flows out of iqured ccUs. Thromboplastin cratacts plasma foctor VII to form 
fiictorXactivator,Miiich then, with ftctorVandinacomplex with phospholi^^ 
and caldum,c(mverts prothrombin into tinombin. Thrombin catalyzes the tdease 
of fibrinqpqitides A and B fiom fibrinogen to produce fibrin monomers, which 
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aggregate to fonn fibrin filaments. Thrombin also activates the transglutaminase, 
factor Xnia, which catalyzes the formation of isopeptide bonds to covalently 
cioss-link the fibrin filaments. Alpha2-antiplasmin is then bound by factor XIII 
onto the fibrin filaments to thereby protect the filaments from degradation by 
plasmin (see, for example, Doolitlle el al^ Ann. Rev. Biochem. 53:195-229 
(1984)). 

When a tissue is injured, polypeptide growth &ctors, vdiich exhibit an 
array of biological activities, are released into the wound vAiere Ih^ play a 
crucial lole in healing (see, e.g,, Hormtmal Proteins and Peptides (Li, C.H., ed.) 
Volume 7, Academic Press, Inc., New York, N.Y. pp. 231-277 (1 979) and Brunt 
et al. Biotechnology 6:25-30 (1988)). These activities include recruiting cells, 
such as leukocytes and fibroblasts, into the injured area, and inducing cell 
proliferation and differentiation. Growth factors that may participate in wound 
healing include, but are not limited to: platelet-derived growth factors (PDGFs); 
insulin-binding growth factor-1 (IGF-1); insulin-binding growth factor-2 (IGF-2); 
epidermal growth fector (EGF); transforming growth factor-a (TGF-a); 
tranrfoiming growth fiidor-p (TGF-P); platelet factor 4 (PF-4); and heparin 
Undmg growth fiictors one and two (HBGF*1 and HBGF-2, respectively). 

PDGFs are sicned in the alpha granules of circulating platelets and are 
released at woimd sites during blood clotting (see, e.g.. Lynch et al.^ J. Clin. 
/in«5/.M:64(V646(1989)). PDGFs include: PDGF; platelet derived angiogeneas 
fiictor (PDAF); TGF-^; and PF-4, vAiich is a chemoattractaiit for neutrophils 
(Knighton et oL^ in Growth Factors and Other Aspects of Wound Healing: 
Biological and Clinical Implications^ Alan R. Liss, Inc., New York, New York, 
pp. 319-329 (1988)). PDGF is a mitogen, chcmoattractant and a stimulator of 
protein synthesis in cells of mesenchymal origin, including fibroblasts and 
smooth musde cells. PDGF is also a nonmitogenic chcmoattractant for 
endothePal cells (see, for exanq>le, Adehnann-Grill et al.. Eur J. Cell Biol. 
57:322-326 (1990)). 
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IGF-1 acts in combination with PDGF to promote mitogenesis and protein 
synthesis in mesenchymal cells in culture. Application of either PDGF or IGF-1 
alone to skin wounds does not enhance healing, but 24)plication of both factors 
together qqpears to promote connective tissue and epithelial tissue growth (Lynch 
5 et aL, Proc. Nail Acad Scl 75:1279-1283 (1987)) . 

TGF*P is acfaemoattractant fiDrmacroftoges and monocytes. Depending 
upon the presence or absence of other growdi iactors, TGF-P may stimulate or 
inhibit the growth of many cell types. For example, w^n implied in vivo, TGF-p 
increases the tensile strength of healing demial wounds. TGF-p also inhibits 
10 endothelial cell mitosis, and stimulates collagen and glycosaminoglycan synthesis 

by fibroblasts. 

Other growth factors, such as EGF, TGF-a, the HBGFs and osteogenin 
are also important in wound healing. EGF, which is found in gastric secretions 
and saliva, and TGF-o, whidi is made by both nomial and transformed cells, are 

15 structurally related and may recognize the same receptors. These receptors 

mediate proliferation of epithelial cells. Both factors accelerate 
req>itheliali2aticm of skin wounds. Exogenous EGF promotes wound healing by 
stimuiattng the proliferation of keratinocytes and dermal fibroblasts (Nanney 
etaL, J. Invest. DermatoL 55:385-393 (1984) and Coffiey etal. Nature 328'A\1- 

20 820 (1987)). Topical application of EGF accelerates the rate of healing of partial 

thickness wounds in humans (Schultz et al.^ Science 2iJ:350-352 (1987)). 
Osteogenin, vAnsh has been purified from demineralized bone, qspears to 
promote bone growth (see, e.g.« Luyten & aL, J. Bid. Chem. 264:13377 (1989)). 
In addition, platelet-derived wotmd healing formula, a platelet extract which is 

25 in the form of a salve or ointment for topical 2f)plication, has been described (see, 

e.g., Knighton et a!., Ann. Surg. 2W:322-330 (1986)). 

The Hqarin Binding Growth Factors (HBGFsX also known as Fibroblast 
Growth Factm (FGFsX ^ch include acidic HBGF (aHBGF also known as 
HBFG-1 or FGF-l)and basic HBGF (bHBGF also known as HBGF-2orFGF-2), 

30 are potent mitogens for cells of mesodermal and neuroectodermal lineages. 
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including endothelial cells (see, e.g.. Burgess et al.,Ann. Rev. Biochem. 58:575- 
606 (1989)). In addition, HBGF-1 is chemotactic for endothelial cells and 
astroglial ceUs. Both HBGF-1 and HBGF-2 bind to heparin, which protects them 
from proteolytic degradation. The anay of biological activities exhibited by the 
HBGFs suggests that th^ play an inqwrtant role in wound healing. 

Basic fibroblast growth &ctor (FGF-2) is a potent stimulator of 
angiogenesis and the migration and proliferation of fibroblasts (see, for example, 
Gospodarowicz et aL, Mol CeU. Endodnol 46:187-204 (1986) and 
Gospodarowicz et aL, Endo. Rev. 8:95-1 14 (1985)). Acidic fibrobhm growth 
fector (FGF-1) has been shown to be a potent angiogenic factor for endothelial 
cells (Buigess et al., stqrra, 1989). However, it has not been established if any 
FGF growth fectOT is diemotactic for fibroblasts. 

Growth &ctors are, ther^ore, potentially useful for specifically promoting 
wound healing and tissue rqwir. However, tiieir use to promote wound healing 
has yielded mconsistent results (see, Carter et al. , in Growth Factors and 
Other Aspects of Wound Healing: Biological and Clinical Implications, Alan R. 
Liss, Inc., New York, New York, pp. 303-317 (1988)). For example, PDGF, 
IGF-1, EGF, TGF-o. TGF-p and FGF (also known as HBGF) applied separately 
to standaidized skin womids in swine had litde eflfect on the regeneration of 
connective tissue or epithelium in the wounds (Lynch et aL, J. Clin. Invest. 
84:640-6*6 (1989)). Of the fictois tested, TGF-p stimulated the greatest 
response alone. Ho*wever. a combination of fiwtors, such as PDGF-bb 
homodhner and IGF-1 or TGF-« produced a dramatic inocase in connective 
tissueregenerationandqrithelialization. (Id) Tsuboicr at have reported tiiattiie 
daily ^licatimi of bFGF to an open wound stimulated wound healing in 
healingHmpairedmicebutnotinnomiialnuce(J. Ey?. Med 172-245-251 (1990)). 
On the <Mher hand, the qifdication to human skin wounds of erode prqiaiations 
of poidne or bovine platdet lysate, w*ich presumaUy contained growtii &ctors. 
increased tiie rate at wdiich tiie wounds closed, die number of cells in tile healing 
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area, the growth of blood vessels, the total rate of collagen deposition and the 
stiength of the scar tissue (Carter et al., siqn-ay 

The reasms for such incimsistem results are not knovvn, but might be the 
result of diflBcuhy in applying growth factors to a wound in a manner in which 
they can exhibit their normal array of biological activities. For example, it 
qjpears that some growth factor reccptcas must be occupied for at least 12 hours 
to produce a maximal biologic effect (Presta et aL, Cell ReguL 2;71 9-726 ( 1991 ) 
and Rusnati et aL. J. Cell Physiol lS4:\S2-\6\ (1993)). Because of such 
inconsistent resuhs, the role played by exogenously applied growdi &ctors in 
stimulating wound healing is not dear. Further, a means by vwhich growth fectors 

might be applied to wounds to produce prolonged contact between the wound and 
the growth &ctQi(s) is not presently knowa 

B. TSs 

Surgical adhesives and TSs which contain plasma proteins are used for 
sealing internal and external wounds, such as in bones and skin, to reduce blood 
loss and maintain hemostasis. Such TSs contain blood clotting fectois and other 
blood proteins. FG, also called fibrin seahmt, is a gel simitar to a natural doi 
which is prepared from plasma. The precise components of each FG are a 
function of the particular ptasnu fiaetion which is used as a starting materia 
Fractionation of plasma components can be efifected by standard protein 
pmificatioo methods, such as elhanol, polyethylene glycol, and ammonhnn 
sulfate pieupitation, ion exchange, and gd filtration chromatogiaphy. Typically 
FG contains a mixture of proteins induding traces of albumin, fibronectin and 
plasminogen. In Canada. Europe and possibly dsewherc.conunercially available 
FG Qppically also contains ^[nodnin as a stabilizer. 

FGs generally are prqared fam: (1) a fibrinogen concentrate, which 
contains fibronectin. Factor Xni, and von Willebrand factor; (2) dried human or 
bovine thrombin; and (3) caldum ions. Commercially prepared FGs generally 
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contain bovine components. The fibrinogen concentrate can be prepared firon 
plasma by cryopiedpitation followed by fitactionation. to yield a composition dial 
foims a sealant or clot upon mixture with thrombin and an activator of thrombin 
such as calcium ions. The fibrinogen and thrombin concentrates are prepared in 
lyophilized fi«n and are mixed with a solution of calcium chloride immediately 
priortouse. Upcm mixing, the awqxHiMils are applied to a tissue where they 
coagulate on tiie tissue sw&ce and form a dot ttat includes cross-linked fibrin. 
FactOT Xni. M*idi is present in the fibrinogen concentrate, catalyzes the cross- 

linkii^. 

Australian Patent 75097/87 describes a one-component adhesive, which 
contains an aqueous sohidon of fibrinogen, fiutw Xm. athrombin inhiUtor, such 
as antithrombin III, irothrombin fiu:tors, calcium ions, and, if necessary, a 
plasmin inhibitor. Stroetmann, U.S. Patent Nos. 4,427,650 and 4,427,651, 
describes the pr^iaration of an enriched plasma derivative in the form of a 
powder or sprayable preparation for enhanced wound closure and healing that 
contains fibrinogen, thrombin and/or prothrombin, and a fibrinolysis inhibitor, 
and may also ctmtain other iiigredients, such as a platelet extract Rose et al., 
U.S. Patent Nos. 4.627,879 and 4,928.603. disclose methods for preparing 
oyoprecqntated suspensions that contain fibrinogen and FacKMT Xni and their use 
topicpareaFG. JP I -99565 discloses a kit for die piqiaratirai of fibrin adheaves 
for wound healmg. AlteriMum (U^. Patent No. 4.714.457) and Moise et al. (U.S. 
Patent No. 5.030.215) ^sdose methods to produce autologous FG. In addition, 
inqnoved FG delivery systems have been disclosed elsewtoe (MSikx et al.. U.S. 
Patent No. 4,932,942 and Mwse et al., PCX Application WO 91/09641). 

IMMUNO AG (Vienna, Austria) and BEHRINGWERKE AG (Germany) 
(Gibble et aL, Transfusion 30:741-747 (1990)) presently have FGs on the market 
in Europe and elsewhere (see, eg.. U.S. Patent Nos. 4377,572 and 4,298,598. 
which are owned by IMMUNO AG). TSs are not commercially available in the 
U.S. However, the American National Red Cross and BAXTER/HYLAND (Los 
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Angeles. CA) have recently C(wieveloped a FG (ARC/BH FG) which is now in 
clinical studies. 

The TSs ^ch are used clinically outside of the U.S. pose certain clinical 
risks and have not been approved by the Food and Drug Administration for use 
5 in the USA. For example, the TSs available in Europe contain proteins of non- 

human origin such as aprotinin and bovine thrombin. Since these proteins are of 
non-human origin, people roqr develop allergic reactions to them. In Europe heat 
inacti vation is used to inactivate vmises yAadh may be jnesent in the components 
of the FG. However, this heat inactivadon method may produce denatured 
10 proteins in the FG vAnch may also be aUergenic. In addition, there is concern that 

this inactivadon method will not inactivate prions which cause bovine 
qxmgifomi encephalopathy, "mad cow disease," whi ch may be present in the TS 
due to the use of bovine protems Aercin. Since this disease appears to have 
afaeady crossed from sheep, m which it is called "scr^ies," to cows, it is not an 
15 insignificant concern that it could infect hunums. 

The ARC7BH FG has advantages over the TSs available in Europe 
because it does not contain bovine proteins. For example, the ARC/BH TS 
contains human thrombin mstead of bovine thrombin and does not contain 
qirotinin. Since the ARC/BH FG does not contain bovine protems it should be 
20 less allergenic in humans than those TSs available in Europe. In addition, the 

ARC/BH FG is viraUy inactivated by a sohmt detergem method 
fewer denatured proteins and tiius is less allergenic than those available in 
Eunq)e. Therefore, the ARC/BH FG possesses advantages over the TSs which 
are now conmiereially available in other countries. 
25 FG is primarily formulated for clinical topical application and is used to 

control bleeding, maintain hcmostasis and promote wound healing. The clinical 
uses of FG have recendy been reviewed (Gibble ei a!.. Transfusion 3ft-741.747 
(1990); Lcmer et al.. 1 Surg. Res. 49:165-181 (1990)). By sealing tissues FG 
prevents m or fluid leaks, induces hemostasis, and may contribute to wound 
>0 healing indirectly by reducing or preventing events \^*ich may interfere with 
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wound healing such as bleeding, hematomas, infections, etc. Although FG 
ypaintaim hemostasis and reduces blood loss, it has not yet been shown to possess 
true wound healing properties. Because FG is suitable for both internal and 
external injuries, such as bone and skin injuries, and is usefid to maintain 
hemostasis, it is desirable to enhance its wo\md healing properties. 

FG with a fibrinogen concentration of q)proximately 39 g/1 and a 
thrombin cmcentration of 200-600 U/ml has produced clots with significantly 
increased stress, energy absorption and elasticity values (Byrne eld!., Ar.J^ Surg. 
7ft841-843 (1991))! Perforated Teflon cylinders filled with fibrin dot (S mg/inl) 
and implanted subcutaneously stimulated the formation of granulation tissue, 
including an increased precipitation of collagen; when compared to empty 
cylinders (Heddin et aL, Eur. Surg, Res. 75:312 (1983)). 

C Bane Wounds and Their Repmr 

The sequence of bone induction was first described by Urist et al using 
demineralized cortical bone matrix (C/ih. Orthop. Rel Res. 77:271 (1970) and 
Proc. Natl Acad ScL USA 703511 (1973)). Implanted subcutaneously in 
alloge&dc redpients, demineralized cortical bone matrix releases factors vAdch 
act as local mitogens to stimulate the proliferation of mesenchymal cells (Rath 
et id.. Nature (Land) 278:955 (1979)). New bone formation occurs between 12 
andlSdayspostimplantation. ()sacledevelcqpiiientiq>letewitti hematopoietic 
marrow lineage occuned by day 21 (Reddi, A., In Extracellular Matrix 
Biochemistry (Piez et oL, ed.) Elsevier, New Yoric, NY, pp. 375-412 (1984)). 

Doniiieralized bone matrfac PBM) is a source of osteoid 
known as bone morphogenetic proteins (BMP), and growth factors which 
fnoH^^^"*^ the proliferation of progenitor bone cells (see, e.g., Hauschka et al^J, 
BioL Chent 267:12665-12674 (1986) and Canalis et aLl Clin. Invest. 81:27% 
281 (1988)). Eight BMPs have now been identified and are abbreviated BMP-1 
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through BMP.8. BMP-3 and BMP.7 are also known as osteogenin and 
osteogenic protein-l (OP-1), respectively. 

Unfortunately, DBM materials have little clinical use unless combined 
with paniculate manow autografts. There is a limit to the quantity of DBM that 
can be surgically placed into a recipient's bone to produce a therapeutic effect. 
In addition, resorption has been reported to be at least 49% (Toriumi et aL, Arch 
Otolaryngo. Head Neck Surg. 776:676-680(1990)). 

DBM powder and osteogenin may be wadied aw^ by tissue fluids before 
Aeir osteoinductive potential is expressed In addition, seepage of tissue fluids 
into DBM-packed bone cavities or soft-tissue collapse into the wound bed are two 
factors that may significandy aifect the osteoinductive properties of DBM and 
osteogenin. Soft-tissue coUapse into the wound bed may likewise inhibit the 
IHopa migration of osteocompclen t stem cells into tiie wound bed. 

Human DBM in powder fimn is currently used by American dentists to 
pack jaw bone cavities created during oral surgery. However. DBM m powder 
ftnm is difficult to use. 

Purified BMPs have osteoinductive effects in animals when delivered by 
avariety of means including FG(Hattori,T.,^(^nL Seikeig^ka. Gakkai. Zasshi. 
<W:824-834 (1990); Kawamura et aJ., Clin Orthop. Rel Res. 2JJ:302-310 
(1988); Schlag et aL, Clin. Orthop. Rel Res. 227:269-285 (1988) and Schvrarz 
etaL, Oin. Orthop. Rel Res. 238'2Sl-7Xn (1989)) and whole blood dots (Wang 
et aL, J. Cell Biochem. J5F:Q20 Abstract (1990)). However, Schwaiz et al. 
(si9>ra) demonstrated neither adear positive or negative e£kct of FG on ectopic 
osteoinduction or BMP-dependent osteoregeneration. Kawamura e/ a/, (ii^pra.; 
found a synergistic effect when partially purified BMP in FG was tested in an 
ectopic non-bony site. Therefore, tiiese results are inconsistent and confusing. 

TS also can serve as a "scaflbld" which ceUs can use to move into a 
wounded area to generate new tissues. However, commercially available 
preparations of FG and otiier TSs are too dense to allow cell migration into and 
tiirough titem. This limits tiieir effectiveness in some in vivo uses. 
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in one type of bone wound, called bone nonunion defects, there is a 
minimal gap above which no new bone fomiation occurs naturally. Clinically, 
the tieatment for these situations is bone grafting. However, the source of bone 
autografts is usually limited and the use of allogeneic bones involves a high ri^ 
of viral contamination. Because of this situation, the use of demineralized, viially 
inactivated bone powder is an attractive solution. 

D. Vascular Prostheses 

Artificial vascular prostheses are frequently made out of 
polytetrafluoroethylene (FTFE) and are used to replace diseased blood vessels in 
humans and other animals. To maximize patency rates and minimize the 
thrombogenicity of vascular prostheses various techniques have been used 
jnf^hiHing seeding of nonautologous endothelial cells onto the prothesis. Various 
substrates wfaidi adhere both to the vascular graft and endothelial cells have been 
investigated as an intennediate substrate to increase endothelial cell seeding. 
These substrates include preclotted blood (Hening et al„ Surgery ^;498-S04 
(1978)), FG (Rosenman eiaL.J. Vase Surg. 2:778-784 (1 985); Schrenk et al., 
Thmrac. Cardiavasc. Surg. 55:6-10 (1986); KOvekcr el al.. Thorac. Cardiovasc. 
Surgeon 34: 49-51 (1986) and Zilla et at.. Surgery 105:515-522 (1989)), 
fibionectin(see,e.g^KeslereidL» J. Fuse Surj: J;58-64 (1986); Macaiak el a/.. 
J. CeUPhysioL i;tf;76-86(1983)andRamalaii|eonaef oL, J. Vase. Surg. i:264- 
272 (1986)X or collagen (Williams et aL. J. Surg. Res. J&-618-629 (1985)). 
Hciwever, one general problem with diese techniques is that nonautologous cells 
weie used for the seeding (see, e.g., Schrenk el al., supra) thus nusing the 
possibility of tissue rejection. In addition, a confluent endothelium is usually 
never establi^Kd and requires months to do so if it is. As a result of this delay, 
there is a high ocdusion rate of vascular prostheses (see, e.g., Zilla et aL st^ra). 
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E. Anffogenesis 

Angiogenesis is the induction of new blood vessels. Certain growth 
factors such as HBGF-I and HBGF-2 are angiogenic. However, their in vivo 
administraticMi attached to: collagen sponges (Thompson et al.. Science 241:1249- 
1352 (1988)); beads (Hayek e/ oil. Biochem. Biophys. Res. Commun. J47:976^S0 
(1987)); solid FIFE fibers coated with collagen ananged in a sponge-like 
structure (Tliompson etaL. Proc. Natl Acad Sci. USA «tf:7928-7932 (1989)); or 
by infusion (Poumala et al.. Brain Res. 55^:283-286 (1990)) resulted in the 
^neration of random, disorganized blood vessels. These growth fectois have not 
been used successfully to direct the growth of a new blood vessel(s) at a given 
ate in vivo. In addition, fibrin geb (03-1 0 mg/ml) implanted subcutaneously in 
iriexiglass diainbers induce angiogeneas widiin 4 days of implantation, conqiared 

to empty diambere, or duunbas fiUed with sterile culture medium (Dvorak at , 
Lab. Invest. 57:673 (1987)). 

F. Site-DirectedtLoadaedt^rugEMhery 

An efficacious, site-directed, drug delivery ^stem is greatly needed in 
several areas of medicine. For example, localized drug delivery is needed in the 
treatment of local infections, such as in periodontitis, where the systemic 
administraiionitfantiiniGrotrial agents is inefiective. The problem after systemic 
ad min ist r ation usually lies in Oe low concentration of the antimioobial agent 
which can be achieved at the target site. To raise the local concentration a 

systemic dose increase may be effective but also may produce toxicity, microbial 
resistance and drug incompatibility. To circumvent some of these problems, 
several alternative methods have been devised but none are ideal. For example, 
collagen and/or fibrinogen dispersed in an aqueous medium as an ammphous 
flowable mass, and a protdnaceous matrix composition vAach is csqpable of stable 
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placement, have also been shown to locally deliver drugs (Luck et aL^ U.S. 
Reissue Patent 33^75; Luck et al., U.S. Patent 4,978332). 

A variety of antibiotics (AB) have been reported to be released from FG, 
but only at relatively low concentrations and for relatively short periods of time 
ranging from a few hours to a few days (Kram et al., J. Surg. Res, 50:175-178 
(1991)). Most ofdieABs have been in freely water soluble fomis and have been 
added failo the TSvAUch was bring prepared. However, the incorporation of 
tetracycline hydrochloride tetracycline hydrochloride (JET HQ) and other freely 
water soluble fcmns of ABs into FG has interfered with fibrin polymerization 
during the formation of the AB-supplemented FG (Schlag et aL Biomaterials 
4:29-32 (1983)). This interference limited the amount and concentration of the 
TET HCl that could be achieved in the AB-FG mixture and appeared to be AB 
concentration dqieiidenL The rdadvelydiort release time oftheABfrran the FG 
may reflect the relatively short life of the AB-supplemented TS or the fann 
and/or quantity of the AB in the AB-TS. 

a CantFoUedDrug Release From TSs 

For some clinical applications controlled, localized drug release is 
desirable. As discussed above, some drugs, especially ABs, have been 
mccRporatedmto and been rdeased from TSs suc± as FG. However, ttiere is little 
or no control over the duration of the drug rriease vAdth appaxenHy is at least 
partially a reflecdon of tte lelad vdy diort life of the drug-siqiplemenied FG . 
Tlierefore, a means to sttbilizt FG and other TSs to aUow for ex^^ 
drug release is de^rable and needed, as are new techniques for the incorporation 
and extended release of other siq>plements from TS. 
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H. The Disclosed TS Prqmathns Provide UfeSaving Emergency 
Treatment/or Trauma Woimds 

DesjMte CQntimied advances in trauma care, a rignificant pw ra^tng p of the 
population, botti military and civilian, suffer fetal or severe hemonfaage eveiy 
year. An alarmiiig number of fetalities are preventable since the occur in the 
presence of those i»*o could achieve life-saving control of their wounds given 
adequate tools and training. The availability of the herein-disclosed TS satisfies 
the long-feh need for a advanced, easy-to-use, field-ready hemostatic preparatim, 
to permit not only trained medical personnel, but even untrained individuals to 
nqndly reduce bleeding in trauma victims. Utilization of the disclosed TS 
preparations will result in a two-fold benefit: the reduction of trauma death, and 
the decreased demand upon the available blood siqiply. 

The disclosed technology would also be available for the treatment of 
massed casualties in disaster situation. When severe natural or man-made 
disasters occur, local hospitals and clinics may be overwhelmed by the number 
ofindividualsiequiiing trauma care. Combined with the isolating effects of such 
disasters, the Ksuhii« demand finr Mood and blood products often exceeds the 
locally available supplies. In many cases, the demand upon the local medical 
personnel also exceeds Ae availed number of trained individuals. As a result, 
less seriously injured persons m^ be tumed-aw^ or given sub-optimal care. 
The availabUity of the easy-toHise, self-contained TS preparations disclosed 

bdowwiU pennit local medical petsimnd and disaster idiefwwken to provide 
die iiguied with tempmaiy treatment until definitive care becomes available. 
Moreover, the disclosed TS prq>arBtions will pomit self-tieatment in disaster 
victims, until medical assistance can be provided. 

Often the only firnn of medical treatment that can be tilled under sud) 
circuinslances to prevait dead) due to Mood loss is pressure dresings. tourniquets 
and pressure pmnts. Unfintunately, however, each of these treatments requires 
cmtinuous monitoring and attention. Since such attention is not always possible 
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in emergency or disaster rituations, there is a clear need in the art for a simple, 
fast-acting, first-aid treatment which can successfidly control excessive blood 
loss. 

The application of the disclosed TS preparations to the military is readily 
apparent, particularly in isolated battlefield situations. The single greatest cause 
of death on the battlefield is msangmnation, which until now has accounted for 
up to 50% of all combat casualties. 

Summary of the Invention 

In one embodiment, this invention provides a composition of matter, 
comprising a TS, v^ierein the sealant does not inhibit fiill-thickness skin woimd 
healing. 

In anotter embodiment, this invention provides a composition of matter, 
compri^g: a TS, vtAieiein the total protein concentration of the sealant is less 
Aan 30 mg/ml. 

In another embodiment, this invention provides a composition of matter 
comp ris ing a supidcmcntedTS wherein the total protein concen t r ^ ^ 
30 mgAool and tiie sqyplement is a growth £eulor(s) and/or a drug(s). 

In another embodiment, this invendon provides a composition of matter 
ooiqprising a supplemented TS ^leiein die total protdn concentration is greater 
than 30 mg^ and tfie siqiplement is a growth factor(s) and/or a drug(s). 

In anodn* embodiment, this invention provides a composition of matter 
that promotes the directed migration of animal ceils, comprising: a TS; and an 
effective concentration of at least one growth factor, wherein the concentration 
of die growdi &ctor is effective in pronioting the directed migration of the ailing 

cells. 

In another embodiment the present invention provides a composition of 
matter diat promotes wound healing, comprising: a TS; and ari effective 



-15- 

conccatraiion of at least one growth fector, wfaerem the concentration is effective 
in promoting wound healing. 

In anofter embodiment, tiie present invention provides a composition of 
matter that promotes the endothelialization of a vascular prosthesis, comprising: 
a TS; and an effective concentration of at least one growth factor, wherein the 
concentration is effective in promoting the endodielialization of a vascular 
prosthesis. 

In another c mh odi m r nt , the present invention provides a conyosition of 
matter that promotes the proU&ration and/or differentiation of animal cells, 
comprising: a TS; and an effective concentration of at least one growth fector, 
wherein the concentration is effective in promoting proUfetation and/or 
differentiation of animal cdls. 

In another embodiment, the present invendon provides a composition of 
matter that promotes the localized deUvwy of at least one dmg, comprising: a 
TS; and at least one drag. 

In another embodiment, the present invention provides a composition of 
matter that promotes the localized deUveiy of at least one growth factor, 
conqnising: a IS; and at least me growth fector. 

In another embodiment, the presem invention provides a process for 
promoting the healing of wounds, conqniang qiplymg to the wound, a 
conqMndon that contains a TS and an ^fective conceatiation of at least one 
growtti fector. vAtam ibt conce n tfation is effective to promote vmm^t h«»«iing 
In another embodiment, tiie present inventira provides a process for 
promoting the endothelialization of a vascular prosthesis, comprising applying 
to the vascular prosthesis a composition tiutt contains a TS and an effective 
concentration of at least one growdi fector. wtoein die concentration is effective 
to promote the endothelial i zation of a vascular protheas. 

In another embodiment, the present invention provides a process for 
promoting the proliferation and/or differentiation of animal cells, comprising 
placing Ibt cells in sufiicient jHoximity to a TS wiiich contains an effective 
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concentration of at least one growth factor, wherein the concentration is effective 
in promoting the proliferation and/or differentiation of the cells. 

In a fuither embodiment, the present invention provides a px>cess for the 
localized delivery of at least one drug to a tissue, comjmsing applying to the 
tissue a TS which contains at least one drug. 

In another emtxKliment, the present invention provides a process for the 
localized delivery of at least one growth factor to a tissue, comprising qyplyu&g 
to the tissue a TS v^ch contains at least one growth factor. 

In anodier embodiment this invention provides a process for producing 
the directed migration of animal cells, comprising: placing in sufficient 
proximity to the cells, a TS which contains an effective concentration of at least 
one growth factor, v^ierein the concentration b effective to produce the desired 
directed migration of said cells. 

In another embodiment, this invention provides a simple to use, fast . 
acting, field-ready fitoin bandage for applying a tissue sealing composition to 
wotmded tissue in a patient, comprising an occlusive backing, affixed to which 
isak^of dry materials ccmiprising an effective amount, in combination, of (a) 
dry, virally-inactivated, purified fibrinogen, (b) dry, vtrally-inactivated» purified 
thrombin» and as necessary (c) effective amounts of calcium and/or Factor XIII 
to produce a tissue-sealing fibrin clot upon hydration. 

In a furflier embodiment, diis invention provides a method of treating 
wounded tissue in a patient by qpplying to said wound si fibrin bandage, 
comprising: (1 ) a occlusive baddng, affixed to whidi is a layer of dry materials 
comprising an efifective amount, in comUnation, of (a) dry, virally-inactivated, 
purified fibrinogen, (b) dry, virally-inactivated, purified thrombin, and as 
necessary (c) effective amounts of calcium and/or Factor XIII to inroduce a tissue- 
sealing fibrin dot tqxm hydration. 

In yet another embodiment, this invention provides a simple to use, fast 
acting, fieldHfcady fibrin dressing for treating wounded tissue in a patient is 
formulated as an csqKOidable foam comprising an effective amount in 
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coxnbination, of (1) viially-inactivated, purified fibrinogen, (2) virally- 
inactivated, purified tfirombin» and as necessary (3) calcium and/or Factor XIII; 
i^toein said composilion does not significantly inhibit fiill-thickness skin wound 
healing. 

While in a finther embodiment, this invention provides a method of 
treating wounded tissue in a patient by applying to said wound a tissue ^i^mt 
expandable foam dressing, comprising an effective amount, in combination, of 
(1) virally-inactivated, purified fibrinogen, (2) viially-inactivated, purified 
thrombin, and as necessary (3) calcium and/cM- Factor XIII; wherein said 
composition does not significantly inhibit fiill-thickness skin wound healing. 

In die embodiments of this invention, the TS may be FG. 

In the various embodunents of the invention FG may be made from Ae 
mixing of topical fibrinogen complex (TFC), human thrombin and calcium 
chloride. Varying Ae concentration of the TFC has the most significant eflFeci 
upon the density of the final FG matrix. Varying the concentration of the 
thrombin has an insignificant effect upon the total protein concentration of the 
final FG, but has a profound effect upon ttie time required for the polymeriation 
of the fibrinogen component of the TFC into fibrin. While this efifect is wdl 
known, it is not genenUy appreciated that it may be used to maximize the 
effectiveness oftiieFG,wiien it is used alone or siq^lemented. Because of fliis 
effect one can aher the time between die mixing of die FG components and the 
setting of Ae FG. Thus, one can allow the FG to flow more fiedy into deqi 
crevices m a wo«md, pemiittii« it to fin tiie wound cooQ)^^ 
Alternatively, one can allow the FG to set quickly enough to prevait it from 
exiting the wound ate, especially if the wound is leaking fluid under pressure 
(i.e., blood, lymph, intercellular fluid, etc). This property is also important to 
keep the FG from clogging delivery devices with long passages, i.e., catheters, 
endoscopes, etc., wbkh is important to allow the application of the FG or 
supplementedFGtositesinthebodythatareonly accessible by surgery. This 
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effect is also important in keeping the insoluble supplements in suspension and 
preventing them from settling in the sq)plicator or in the tissue site. 

As used herein, TFC is a lyophilized mixture of human plasma proteins 
which have been purified and virally inactivated. When reconstituted TFC 
5 contains: Total Protein: 100-130 mg/ml 

Fibrinogen: (as clottable protein) 80% of total protein 

(minimum) 
Albumin (Human): S-2S mg/ml 
Plasminogen: 5 mg/ml 
ID Factor Xni: 10-40 Units/ml 

Po]ysorbate*80: 0.3% (maximum) 
pH: 7.1-7.5. 

The reconstituted TFC may also contain trace amounts of fibronectin. 
As used herein, himian thrombin is a lyophilized mixture of human 
15 plasma proteins, which have been purified and virally inactivated. When 

reconstituted it contains: 

ThrcMnbin Potenc>': 300 ± SO International Units/ml 
Albumin (Human): 5 mg/ml 
Glycine: 03M±.05M 
20 pH: 

Calcium cUoride is added in sufiBcient concentration to activate the 
tfanxmlmL As long as there is suflBdent calcium, its concentration is not 
in^KXftanL 

In tiie compositions of this invention containing a growth factor, the 
25 composition may contain an inhibiting compound(s) and/or potentiating 

compound(s), v^ierein the inhibiting compound(s) inhibit the activities of the 
sealant tiiat interfere with any of Ae Uological activities of the growth &ctor, the 
potentiating compound(s) potentiate, mediate or enhance any of the biological 
activities of the growth fittior, and wherein the concentration of the inhibiting or 
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potentiatmg compound is effective for achieving the inhibition, potentiation, 
mediation or enhanconent. 

The growth factor-supplemented TSs of this invention are useful for 
promoting the healing of wounds, especially those that do not readily heal, such 
as skin ulcers in diabeUc individuals, and for delivering growth fiictois indudiiig, 
but not limited to, FGF-l . FGF-2. FGF-4, PDGFs, EGFs, IGFs, PDOF-bb, BMP- 
1, BMP-2, OP-l, TGF-p. cartUage-inducmg fidor-A (OF-A). caililage-induciog 
factor-B (CIF-B), osteoid-indudng ftctor (OIFX angiogenin(s). endotfaelins. 
hepatocyte growth fector and kenainocyie growth fi«OT 
forprolongedcoiitactbeiweenawoundsiteandthegrowthfector(s). Thegrowth 
factor-supplemented TS mjqr be used to treat hmis and other sldn wora^ 
may comprise a TS and, in addition to the gnnwth fector(sX an amibiotic(^ 
an analgesic(sX etc. The growth fector-supplemented TS may be used to aid in 

thecngiafhncntofanaturalorartificialgndtsuchasskintoaskinwound. They 
may also be used cosmetically, for example in hair transplants, where the TS 
might contain FGF, EGF, antibiotics and minoxidil, as weU as other compounds. 
An additional cosmetic use for the compositions of this invention is to treat 

wrinklesandscaisinsteadofusii«siliconeorothercoimpoundstodoso. In this 
embodiment, for example, the TS may contam FGF-l, FGF.4, and/or PDGFs, 
andfetcells. The gnn^rth fiictor-siqjplemented TSs miy be appHed to surgical 
wounds, broken bcmes or gasiite ulcm and other such intenial wou^ 
to promote healing thereof. The TSs of this imfention may be used to aid the 
integration of a graft, whether artificial or natural, into an animal's body as for 
example when the graft is composed of nataral tissue. The TSs of this invention 
can be used to combat some of the major problems associated with certain 
conditions such as periodontitis, namely persistent infection, bone resorption, loss 
of ligaments and prenoature re-epithclialization of the dental pocket 

In another embodiment, this invention provides a mixture of FG, DBM 
and/or purified BMPs. This mixture provides a matrix that allows the ceUular 
conqMnents of the body to rnigrate into it and thus produce osteomdnction «^ 
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needed. The matrix composition in temis of proteins (such as fibrinogen and 
Factor Xm), enzymes (such as thrombin and plasmin), BMPs, growth fiictors and 
DBM and their concentrations are adequately formulated to optimize the 
longevity of this temporal scaffolding structure and the osteoinduction which 
needs to occur. All the FG components are biodegradable but during 
osteogenesis the mixture provides a non-collq)8ible scaffold that can determme 
the shi^ and location of the newly formed bone. Soft tissue collq>se into the 
bony nonunion defect, which is a problem in bone reconstructive surgery, will 
thus be avoided The use of TS siqqilemented with growth factors such as 
and CIF-B, injira^ vUch promote cartilage development, will be useful in the 
reconstruction of lost or damaged cartilage and/or damaged bone. 

In a p r efe rred embodiment, an effective concentration of HBGF-1 is 
added to aFG in order to provide a growth fiurtor-s^jplemented TS that possesses 
the ability to promote wound healing. In another preferred embodiment, an 
effective amount of a pkoelet-derived extract is added to a FG. In other prefored 
embodiments, an effective concentration of a mixture of at least two growth 
fiictors are added to FG and an effective amount of the growth &ctor(s)* 
siqsplemented FG is qsfrfied to the wounded tissue. 

In addition to growth fiictors, drugs, polyclonal and monoclone 
antibodies and odier oonq;)ounds, including, but not limited to, DBM and BMPs 
may be added to the TS. They accelerate wound healmg, combat infection, 
neofdasia. and/or olfaer disease processes, mediate or enhance tiie activity of the 
growth &ctor in the TS, wiMat interfere with TS components which inhibit the 
activities of the growdi factor in the TS. These drugs may include, but are not 
limited to: antibiotics^ such as tetracycline and ciprofloxacin; 
antiproliferative/cytotoxic drugs, such as 5-fluoroxiracil (S*FU), taxol and/or 
taxotere; antivirals, such as gangcyclovir, zidovudine, amantidine, vidarabine, 
ribaravin, trifluridine, acyclovir, dideoxyuridine and antibodies to viral 
Gonqpoiicnts gene products; cytokines, such as a- or p- or y-Interferon, a- or 
P4umor necrosis bctor, and interieukins; colony stimulating factors: 
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eiythropoietin; antiiungals, such as diflucan. ketaconizole and nystatin; 
antiparasitic agents, such as pentamidine; anti-inflammatoiy agents, such as 
a-l-anti-tiypsm and o-l-anlichymotiypsin; steroids; anesthetics; analgesics; and 
honnones. Odwr compounds wiiich may be added to the TS include, but are not 
limited to: vitamins and other nutritional supplements; homiones; glycoproteins; 
fibranectin; peptides and pnoteins; carbohydrates (both simple and/cn- complex); 
proteoglycans; antiangiogenins; antigens; oligonudeoddes (sense and/or 
antiscnse DNA and/or RNA); BMPs; DBM; andbodies (for example, to 
infecdous agents, tumors, drugs or homumes); and gene therapy reagents. 
Genedcally altered cells and/or odier cells may also be included in the TSs of diis 
invendon. The osteoinductive compounds ^ch can be used in practicing this 
invention include, but are not limited to: osteogenin (BMP3); BMP-2; OP-1; 
BMP-2A. -2B. and -7; TGF-p, HBGF-1 and -2; and FCfF-l and -4. In addition, 

anything which does not destroy die TS can be added to die TSs of diis invention. 

The snidies reported herein unexpectedly demonstrate that die inclusion 
of compounds such as die fiee base TET or ciprofloxacin (OP) HCl, in FG or die 
treatment of FG dierewidi confen extended longevity to die supplemented FG. 
This phenomenon can be exploited to increase die duration of a drug's release 
firomdieTS. Alternatively, diis phenomenon can be exploited to modulate die 
release of anodier drttg(s) odier dian die compound used to stabiUze die FG, 
wUcfa is (are) also i n c w pot aie d into die TET-FG. and/or to cause die FG to 
persist for a greater period Ai Who or m vflro. 

In general, poorly water sduUe fonns of a drag, such as die fiee base of 

TET. increase die ddiveo^ of die drug fiom die TS more dian fieely water soluble 

fotmsdiercof. Therefine, the drug nu^ be bound to an insoluble carrier, such as 

fibrinogen or activated charcoal, widun die TS to prolong die delivery of die drag 
from the siqiplemented TS. 

In anodier cmbodiment, the siqiplcmented TS can be used in mganoids 
and could contain. §at example, growdi foctois sudi as FGF- 1 , FGF-2, FGF-4 and 
OP-1. 
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In another embodiment, this invention provides a composition that 
promotes the localized delivery of a poorly water soluble fonn of an andbiotic(s), 
such as the free base form of TET, and other dnig(sX comprising a TS and an 
effective concentraticm of at least one poorly water soluble form of an antibiotic. 

The present invendon has several advantages over the previously used TS 
compoatiomandmettiods. The first advantage is that the growth factor- and/or 
drug-siq)plenM9ited TSs of the present invention have many of the characteristics 
ofan ideal biodegradable omrier, namely: fhey can be fbnnulated to contain only 
human proteins thus eliminating or minimizing immunogenicity problems and 
foreign-body reactions; their administration is versatile; and their removal from 
the host* s tissues is not required because they are degraded by the host* s own 
natural fibrinolytic system. 

A second advantage is that the present invention provides a good way to 
effectively deUver growth fiK:tors and/or drugs for a prolonged period of time to 
an internal or external wound. It £y)pears that some growth factor receptors must 
be occupied for at least 12 hours to produce a maximal biological effect. 
Previously, there was no way to do this. The present invention allows for 
prdonged contact between die growdi fector and its receptors to occur, and thus 
allows for the production of strong biological effects. 

A Ifainl advantage of the presem inverition is that aiiirrial celb can riug^ 
into and fhrough, and grow in the TSs of the present invention. This aids 
gn gr aftmgnt of Ae cells ID neighboring tissues and prosflieses. Based on the 
oofqposition of ibc TSs vMA are available in Europe, it is expected that this is 
not possible wifli these fomiulations. Instead, animal cells must migrate around 
or digest CQmmerdally available TS. Since the importation into the U.S. of 
corrunerdally available TSs from Europe is illegal (their use in the USA has not 
been qjproved by the U.S. FDA). 

A finirdi advantage is diatbecaiBe of its initial liquid nature, the TS of the 
present invention can cover surfaces more thoroughly and completely than many 
picviously available delivery systems. This b especially important for the use of 
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the present invention in coating biomateriak and in the endothelialization of 
vascular prostheses because the growth &ctor-supplemented FG will coat the 
Ulterior, exterior and pores ofthe vascular prosthesis. As a result of this, plus the 
ability of endothelial cells to migrate into and through the TS, engiaftment of 
autologous cndotheUal cells will occur along the whole length ofthe vascular 
prosthesis, thereby decreasing its thrombogeniciQr and antigenicity. With 
previously used TSs, engiaftment started at the ends of the vascular prosthesis 
and proceeded, if at all, into the interior ofthe same, thus allowing a longer 
period fiMT dtrambogenidty and antigenicity to develop. Previously used TSs fot 
vascular prostheses also primarily were seeded with nonautologous ceUs which 
could be r^ected by the body and could be easity washed oflF by the shearing 
force of Uood passing tlirou^ the prosthesis. 

Afiilh advantage is that the supplemenled and unsupplementcd TS of this 
invention can be molded and thus can be custom made into almost any desired 
shape. For example, TS such as FG can be supplemented with BMPs and/or 

DBM and can be custom made into the needed shape to most appropriately treat 
a bone wound. This cannot be done.with DBM powder alone because DBM 
powder will nM maintain its sbq)e. 

A sixth advantage is that the AB-supplemcnted FG of this invention, such 
as TET-FG. has unexpectedly increased the longevity and stability of theFG 
compared to that ofthe unsupplemeatedFG. This increased stability continues 

even after appreciable quantities of the AB are no longeriemaining in the FG. 
For example, soaking a newly ibnned FG dot in a saturated sohition of TET 
produced from fiee base TET, or in a sohition of QP HCl, produces a FG clot 
^nWcb is stable and preserved even after substantially aU the TET or CIP has left 
theFGdot WhUe not wishing to be bound by any theoiy as to how this effect 
is produced, it is believed that the AB, such as TET or CIP, inhibits pkisminogen 
which is in the TFC and breaks down theFG. Once the plasminogen is inhibited, 
fts OMitinued inhibition docs not appear to depend on qjpreciable quantities ofthe 
TET or aP remaining in the FG. As a resuh of this stabilizing effect, one can 
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expect an increased storage shelf life of the TS, and possibly an increased 
persistence in vivo. 

The seventh advantage of the present invention is a direct result of the 
prolonged longevity and stability of the TS. As a result of this unexpected 
increase in stability of the TS, AB-supplemented FG can be used to produce 
|^ jiitTi>H^ long term delivery of a drug(s) and/or a growth factor(s). This delivery 
will condnue even after the stabilizing drug, such as TET or CIP, has 
substantially left the TS. Inclusion of a solid form, preferably a poorly water 
soluUe ibiin of a drug suc^ as fiee base, inlo a TS that has been staU 
example, TET or CIP, then allows the stabilized TS to deliver that drug (or 
growdi factor) locally for an extended period of time. Some ftxnns of drugs, such 
as free base TET, allow for both stabilization of the TS and for prolonged drug 
delivery. Other drugs may do one the other but not both. A compound used 
for the stalnlization of a TS to produce prolonged, localized drug delivery is not 
previously known in the art. 

An eighth advantage of the present invention is that it allows site-directed 
anpogOKSts to occur in vivo. While others have demonstrated localized non* 
q)edficaiigioge&esis, s^pro, no one else has used a TS to promote site-directed 
angiogenesis. 

A innth advantage of the present invention is thai because die conqx>nents 
of die TS can be fiinmilated into several forms of ^ple to use, &st-acting field 
dresaqgy, it is now posable to control bleeding fimn hemonfaaging trauma 
wounds, thereby saving numerous lives that previously would have been lost. 
Ahfaottgh life-saving medKxls of treating such wounds are posrible by trained 
medical personal or in fully-equiiq)ed clinics and hospitals, the present invention 
satisBes society's kmg-feh need for an easy-to-use, first-aid (or even self*applied) 
treatment that will, in emergency or disaster situations, allow an untrained 
individual to treat traumatic injuries to control hemorrhage until medical 
as s ista n ce is available. 
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Brief Description of the Figures 

Fig. 1 sbows Western blots of gels on which samples contaiiiiiig HBGF>Ip 
had been incubated with 250 U/ml thrombin in the presence of increasing 
concentrations of heparia Sohitiom containing HBGF-ip (10 ng/tal), tbrombm 
(250 iigtol), and increasiiig concentrattons of heparin (0, 0.5. 5, 10, 20. and 50 
unitsAnl) were incubated at 37-C for 72 horns. Aliquots were periodicaUy 

lenioved fiom each of the incubating mixtures and were loaded onto 8% SDS 
polyaoylamide gets that were prepared and ran as described by LaemmU (Nature 
227:690 (1970)). The gel was then electroblotted onto nitroceUulose and the 
band cotTeqxmdmg to HBOF-ip was identified using an aflSnity-purificd 
polyclonal rabbit antiserum to HBGF-1 p. 

Tbe oonceulralims of heparin in the incubating mixtures were: panel A) 

0 units/ml; panel B) 0.5 U/inl; Panel C) 5 U/ml; panel D) 10 U/ml; panel E) 20 
U/inl; and panel F) 50 U/mL In the gels pictured in each ofpanelsA-F, each huie 
contains the following: hme 1 contains SDS-PAGE low molecular weight 
standards; hme 2 contains biotiiiylated standaids; lane 3 contains 10 fig/tail 
HBGF-IP; lane 4 contains 250 U/m! thrombin; and fames 5-1 3 contain samples 

removed fiom the incubotirig mixtures at times 0. 1, 2. 4. 6, 8. 24. 48, and 72 
hours. 

Kg. 2 shows Ibe incorporation of »H4hymidme as a fimction of relative 
HBQ^-lllconceattatioo. Samples oflheHBGF-lp were incubated, as described 
in Rguie 1 and Exaniple 2. in the presence of 250 U/ml thrombin and 5 U/ml 
heparin ibr 0.24 or 72 hours. Mutionsofthese samples were then added to NIH 
3T3 cells, which were plated as described in Example 3. CPM is plotted v. 
25 HBGF-1 concentration. 

Fig. 3. Typical pattern of human umbilical vein endothelial cells after 7 
days' growth on FG supplemented with 100 ngAnl of active, wild-type FGF-l. 
Note the hirge number of cells and their elongated shape. Compare with the 
paudty of cells grown on unsi^iteented FG (Figure 5). 
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Fig. 4. Typical pattern of human umbilical vein endothelial cells after 7 
days* growth on FG siq>plemented with 10 ng/ml of active, wild-type FGF-1. 
Note the large nimiber of cells and their elongated shape. Compare with the 
paucity of cells grown on unsupplemented FG (Figure S). 

Fig. 5. Typical pattern of human umbilical vein endothelial celb after 7 
days' giowdi on unsiqiplementedFG. Note the small number of cells, compared 
to the number of cells in Figures 3 and 4, which indicates a slower proliferation 
rate. 

Fig. 6. Typical pattem of human umbilical vein oidothelial cells after 7 
days' growth on FG supplemented with 100 ng/ml of inactive, mutant FGF-1. 
Note the smaU nuniber of cells, conq;«ed to the number of cells in Fig^ 
4, which indicates a slower proliferation rate. 

Fig. 7. Typical pattmoffaumanumUlical endothelial cdls 24 hou^ 
having been embedded in FG at a concentration of 10^ cells per ml of FG. The 
protein and thrombin concentrations of the FG were 4 mg/ml and 0.6 NIH 
imits/ml, re^>ectively. Note, their elongated, multipodial morphology and that 
they formed a cellular n^work where they came in contact with each other. 
Coaxpm with the cobbtestonc shape of similar cells grown in fibronectin (Fig. 
9.) 

Fig.8. Typical pattem of human umbilical endothelial cells 48 hours after 
having been embedded in FG at a ooncenlrBtion of lO' cells per ml of FG. The 
culture cooditkms were as described in Fig. 7. Note the fivther accentuated, 
elongated and nudtqxNUal morphology and increasing development of cellular 
networks. Ckxmparewitfi die cobblestone shaped oeIkgn)wn in fibronectin (Fig. 
10) and note the lack of a ceUular network in the latter. 

Fig. 9. Typical pattem ofhuman umbilical endothelial cells 24 hours after 
having been cultured on a surfece coated widi fibronectin. Note the cobblestone 
shape ofthe cells and the lack of cellular networks. Compare to Figure 7. 

Fig. 10. Typical pattem of human umbilical endothelial cells 48 hours 
after having been cultured in a commcmly used film of fibronectin. Note the 
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cobblestone shape of the cells and the lack of cellular netwoiks. Compare to 
Figures. 

Fig. 1 1. Mioogrqdis of cross sections of PTFE vascular grafts diat were 
explanted from dogs after 7 days (panels A, C, E) or 28 days (panels B. D, F). 
Prior to i mp la nt at io n, the grafts were either untreated (A and B), coated with FG 

alone (C and DX or coated with FG supplemented with heparin and HBGF-1 (E 
andF). 

Unneated conttols (A & B) showed minimal mesenchymal tissue 

ingnnvdi. with bodi dnr intersdces filled with, and their luminal sufrKxs coo^ 
with fifarin coaguhnn. The FG-tieated grafts showed mesenchymal Ussue 
ingrowth m only the outer half of the grafts' interstices, with the rest being filled 
widi fibrin GOQguhnn. Ve^r few interstitial capillaries were present Incontrast, 
die grafts treated widi FG containing FGF-1 showed more abundant inteistitial 
ingrowtii and by 28 days showed numerous capillaries, myofibroblasts and 
macrqdiages, widi inner cq)sules consisting of several layers of myofibroblasts 
beneath confiuent endodielial cell layers. Results of similar grafts after 128 days 
of implantation were similar, widi greater numbers of capillaries in the FG + 
FGF-1 group (data not diown). 

Fig. IZ Scannii^dectranmictographsofthe inner fining of the vascular 
grafts described in Figure 11 after 28 days of implantation. Hie grafts were ddier 
untreated (GX coated with FG alone (H). or coated witfi FG supplemented witfi 
hqnrin and HBGF-1 G)- Untreated control grafts (G) diowed qnrse areas of 
endothefial ceU coverage amidst areas of thrombus containing red blood cells, 
platelets, and areas of exposed PTFE graft material (visible in the center and top 
of the picmre). Grafts coated witii FG alone (H) showed islands of endodielial 
cells amidst areas of fibrin coagulum. In contrast, grafts treated with FG + 
HBGF-I (I) showed confluent endodielial cells oriented along die direction of 
blood flow. 

Fig. 13. Preparation of disc-shaped implants 1 mm thick and 8 mm in 
d iamete r pr e p ar ed using an al umiimm mold 
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Fig. 14. Diagram illustrating intramuscular bioassay for the induction of 
bone formation in rats by DBM aIone» by FG implants or by DBM-FG. 

Fig. 15. Diagram illustrating the induction of bone fonnation in calvarial 
implants by DBM>FG. 

Fig. 16. Radio-<^»city data at 28 days postoperative firom intramuscular 
inaphmts of DBM-FG» DBM or FG. 

Fig. 17. Radio-opacity data fiPomDBM-FG (30 mg/ml) calvarial inqihmts 
at 28 days» 3 mcmths and 4 months postoperative. 

Fig. 18. Figure 18A is a jdiotogrqfdi of a craniotomy site at 28 days post 
surgery in a treated animal. 

Figure 18B is a |ri)otognq[ih of the calvarial wound fiom an untreated 
control at 28 d^ postoporative. Note Aat only fibrous connective tissue has 
devel(^)ed across the craniotomy wound. 

Fig. 19. Photogrqdifixmi the craniotomy Ma>und5ofaniinals which were 
treated with DBM particles only. 

Fig. 20. Photograph of new bone formed in the craniotomy site in 
refuse to DBM-FG (IS mg/ml). 

Fig. 2L Pbmogrqih of new bme formed in the craniotomy site in 
response to DBM-FG (15 mg^). Note that tyjncallyinore bone marrow formed 
in craniotomy wounds diat had been implanted with DBM^FG disks than with 
DBM inq[>lams alone. 

Fig. 22. Tteide8seofTETfoim3x6mmdiameterdidcsofFGat 
37^C. The conccntradon of die released TET was measured 
s pcctn>phoiomctrfcallyin2iidofPBSsiyenmtantthathadbeenrqp 
Two of these ''static'* in vitro C3q)eriinents were carried out with identical results. 
The results of one of them is shown here. 

Fig. 23. The release of TET firom 3x6 mm diameter disks of FG at 
37^. The disks contained lOOmg/igJofTETand were placed in closed vessels 
filled widi 2ml of PBS. The TET concentration was measured 
qpectrophotomcmcally in the PBS efDuent which had been continuously 
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exchanged at aiate of 3 ml/day. The volume of the PBS supernatant had been 
kept constant at f^jproximately 2 ml. The data are the average of two 
experiments. 

Fig. 24. The release of TET into saliva from 3 x 6 nmi diameter disks 
contaming 50 or 100 TET mg/ml FG at 37*C. The TET concentration was 
measured spectrojdiotonietricaily in 0.7S mi of saliva supernatant that had been 
replaced daily. The saliva used in these e)q)eriments had been pooled from ten 
donors, centrifiiged, filtered and kept at 4^C. 

Fig. 25. The staUlity of TET-sqjplemented FG was incxeased compared 
to that of control FG. Photogr^hs of 3 x 6 mm diameter FG matrixes without 
TET and with 50 and 100 mg/ml TET over a period of 15 days. Thediskshad 
been kept in 0.75 mi of saliva which had been changed daily. The saliva had 
been pooled firon 10 donms. It had then been centriiuged, filtered and stored at 
4''Cbef(Heuseinthise9q>eriment Note that at nine days, the FG matrix which 
did not contain TET had decayed more than the matrices which contained either 
SOorlOOmg/inlofTET Also note that at 15 days, the FG matrix which did not 
contain TET had ahnost totally decayed, whereas the FG matrices vMch 
contained 50 or 100 mg/ml of TET were ahnost unchanged. Therefore, the 

indusion of 50 or 100 mg/ml of TET dramatically iTOloi«ed the long^ 
matrices in saliva in viiro. 

Fig. 26. Antibacterial activity of TET released from TET-supplementcd 
FG. TwondPBSsuiiouEidingtfae3x6mmTET-supplementedFGdisksw^ 
iq>laced daily. For iestii« the amunicrobial activity ofthe released TET, 6 mm 
jmpcT disks impregnated whfa the collected eluates were incubated for 1 8 hours 
at 37*C on agar plates containing R colL Then the diameter of the zone of 
inhibition was measured. 

Fig. 27. The release of dprofloxacixu amoxicillin and metronidazole from 
FGnuttrices. Individual 3 x6nundiameterdisks containing lOOmg/ml of the 
respective antibiotics were immersed in 2 ml of pho^hate-buffered salme at 
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37^C. The supernatant was replaced daily and the antibiotic concentration was 
measured spectiophotometrically at 275, 274 and 320 nnu respectively. 

Fig. 28. The release of TET from TET-supplemented FG disks was 
proportional to the temperature of the PBS bathing the TET-FG disks. 

Fig. 29. The effect of FG protein concentration on the release of TET 
frran TET-FG. Note that higher FG protein concentrations resulted in a slower 
TET release rate from the TET-FG. 

Fig. 30. The rdease^f 5-FU from S-FU-supplonented FG was prolonged 
by the use of solid forms of S-FU. 

Fig. 3 1 . Dose-response relationship of the cheniotactic response of NIH 
3T3 fibroblasts to Fifaronectin. A step gradimt of increasing concentrations of 
Fibronectin was added to die lower wells of the modified Boyden's chambers. 
The data are expressed as means +/- S.E. of migrated cells per high power field 
and demonstrate that, as a function of dose, fibronectin induced the chemotaxis 
of NIH 3T3 cells toward it 

Fig. 32. Dose-re^nse relationship of the chemotactic response of NIH 
3T3 fibroblasts to FGF-1. A step gradient of increasing concentrations of FGF-1 
was added to the lower wells of the niodified Boyden*s chambers in the presmce 
of heparin. The data are expressed as means +/- S.E. of migrated cells per 
higih power field and demonstrate that, as a fimction of dose, FGF-1 induced the 
chemotaxis of fibroblasts toward it 

Fig. 33. Dose-response relation^poftiie chemotactic response of NIH 
3T3 fibrobhsts to FGF-2. A stq;) gradient of increasing concentrations of FGF-2 
was added to the lown* wells of the modified Hoyden's chambers. The data are 
expressed as the means -^Z* S£. of migrated cells per high power field and 
demonstrate that as a function of dose« FGF-2 induced the chemotaxis of 
fibroblasts toward it 

Fig. 34. IXKse^eqxxise relationship ofthe chemotactic response of NIH 
3T3 fibroblasts to FGF-4. A step gradient ofincreasing concentrations of FGF-4 
wasadded to the lower wells of the modified Boyden*s chambers in the presence 
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of heparin. The data are expressed as the means +/- S.E. of migrated cells per 
high power fieU and demonstrate that, as a function of dose, FGF-4 induced the 
chemotaxis of fibroblasts toward it 

Fig. 35. Dose-response relation^p of the chemotactic re^xmse of human 
demial fibroblasts (HDFs) to FGF-1. A step gradient of increasmg concentrations 
of FGF-1 was added to the lower wells of the modified Boyden's chambeis in the 
presence of hqiarin. The data are cjqnssed as the means of migrated 
cells per high power field and demonstrate that, as a fimction of dose, FGF-1 
induced the chemotaxis of HDFs toward it 

Fig. 36. Dose-response rehdonshipofthe chemotactic reqxMise of HDFs 
to FGF-2. A step gradient of inoeasing concoitrations of FGF-2 was added to 
the lower wells oftiie modified Boyden's chambers. The data are expressed as 
the means H- SB. of migrated cells per high power field and demonstiate that, 
as a fimction of dose, FGF-2 mduced die chemotaxis of HDFs toward it 

Fig. 37. Dose-response relationship of the chemotactic resprase of HDFs 

to FGF-4. A step gradient of increasing concentrations of FGF-4 was added to 

the lower wells ofthe modified Boyden's chambers. The data are esqiressed as 

the means +/- S£. of migrated ceUs per high power field and demonstrate that, 
as a fimction of dose, FGF-4 induced die chemotaxis of HDFs toward it 

Fig. 38. Dose-reqwnse relationship ofdie chemotactic response of HDFs 
toFGF-4msohttionandinFG. FGF-4 was incoiporated into FG and placed in 
Ae bottom well of chemonaais chambers. Tbeamoontof FGFindieFG was 
suffident to result in tiie indicated concentrations vAtea evenly distributed 
tfaroqghout the FG and medium indie lower chamber. Negative controls included 
medium alone and FG widiout FGF. Medium containing FGF-4 at a 

concentration of 10 ng/Sml in die lower chamber was utilized as a positive control. 
The data are expressed as the means +/. S£. of migrated cells per high power 
field and demonstrate tiiat, as a fimction of dose, FGF-4 released firan FG 
induced the chenurtaxis of HDFs toward the FG. 

Fig.39. Diagram ofasdf<ontainedTS Wound Dressing. 
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Description of the Preferred Embodiment 

Definitions 

Unless defined oAerwise, all technical and scientific tenns used horein 
have the same meaning as is commonly understood by one of skill in the art to 
^ch fliis inventim belcmgs. All patents and publications mentioned herein are 
incorporated by reference. 

As used herein, a wound includes damage to any tissue in a living 
organism. The tissue may be an internal tissue, such as the stomach lining or a 
bone, or an external tissue* such as the skin. As such a wound may include, but 
is not limited to, a gastrointestinal tract ulcer, a broken bone, a neoplasia, and cut 
orateddedskin. A wound may be in a soft tissue, such as the spleen, or in a bard 
tissue, such as bone. The wound may have been caused by any agent, including 
traumatic injury, infection or surgical intervention. 

As used hoein, TS is a substance or composition that, vapon application 
to a wound, seals the wound, thereby reducing blood loss and maintaining 
hffwwt!*^^ As used heieiiuFG is a oompoflstion, prepared firomiecombiii^ 
plasma proteins, that upon application to a wound forms a clot, thereby sealing 
Ifae wound, reducing blood loss and maiiitaiiuiigheniostasis. FG,5i9xra,isaibrm 
ofTS. 

As used herein, siq>plemen!ed TS includes any TS tfnt, without 
substantial modification, can serve as a carrier vducle for the delivery of a 
growth fiictor, drug or other compound, or mixtures thereof, and that, by virtue 
of its adhesive or adsoiptive properties, can maintain contact with the site for a 
time sufiSdent for the supplemented TS to produce its desired efifecL for example 
to promote wound healing. 

As used hereiri, a growdi fector-siqsplcmented TS is a TS to which at leas^ 
one giowdi &cior has been added at a concenuntion that is effective for i^ 
purpose. The growth fector can. for exanq^le, accelerate, promote or improve 
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wound healing, or tissue (re)geiieration. The growth fiictor-supplemented TSs 
may also contain additional components, including drugs, antibodies, 
anticoagulants and other compounds that: 1) potentiate, stimulate or mediate the 
biological activity of the growth factor(s) in the TS; 2) decrease the activities of 
components of the growdi fector-supplemented TS vrfiich would inhibit or 
destroy the biological activities of die growth &ctor(s) in the sealant; or 3) allow 
prolonged deliveiy of the supplement frnn the TS; 4) possess odier desirable 
properties. 

As used herein, a potentiating ccmipound is a compound that mediates or 
otherwise increases dw biological activity of a growth fector m the TS. Heparin 
is an exanq)le of a compound tiiat potentiates the Uological activity of HBGF-1 . 

As used herein, an inhtUtii^ compound is a compound that mhibits, 

intexte with, or otherwise destroys a deleterious activity of a component of the 
TS that would intafere with or inhibit die biological activity of a growtfi fector 
or fectors in die TS. Inhibiting compounds may exert tiieir effect by protecting 
the growth fector fiom d^radation. An inhibiting coii^K>und does not, however, 
inhibit any activities tiiat are essential for die desired properties, such as. for 

exampte, wound healing ofthe growdi fector-supplemented TS. Anexampleof 
an inhibiting craipound is h^nrin. 

As used herein, a growdi fector inchides any sohible fector that icguhoes 
or mediates cdl proliferation, cell diffenntiation. tissue legeneratkm. cell 
attractitm. wound rq»ir and/or any developmental oriaoliferative i»ocess. The 
growdi fector miqr be produced by any q]|B«qiriate means inchidh^ extract 
fiom nadiral sources, production through syndietic diemistiy, production dirough 
the use of recombinant DNA techniques and any odier techniques, mcluding 
virally inactivated, growdi fector(s)-rich platelet releasate. which are known to 
those of skill in die art The term growdi fectiw is meant to include any 
precursors, nnitants, derivatives, cw other fonns thereof which possess simibr 
biological activity(ies). or a subset diereof. to diose of die growdi fector irom 
which it is derived odwrwise related. 
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As used hmin, HBGF-1 , which is also known to those of skill in the art 
by alternative names, such as endothelial cell growth factor (ECGF) and FGF-1 , 
refers to any biologically active form of HBGF-U including HBGF-1 vAdch is 
the iHtcursor of HBGF*la and other truncated forms, such as FGF« U.S. Patent 
No. 4,868,113 to Jaye et al,, herein incorporated by reference, sets forth the 
amino acid sequences of each form of HBGF. HBGF-1 thus includes any 
biologically active pqrtide, including fnecursm, truncated or other modified 
fomis, or mutants thereof that exhibit the biological activities, or a subset thereof, 
ofHBGF-L 

Other growth factors may also be known to those of skill m the art by 
alternative nomenclature. Accordingly, reference herein to a particular growth 
factor by one name also indudes ai^ other names by v/idch the ftctor is known 
to tiiose of skill in die at ami also includes any biologically active derivatives or 
precursors, truncated mutant, or otherwise modified forms thereof 

As used herein, biological activi^ refers to one or all of the activities that 
are associated with a particular growth £au:tor in vivo and/or in viiro. 
Generally, a growdi fidor cadiibits several activities, including mitogenic activity 
(tiie ability to induce or sustain celhdar proliferation) and also non-mitogenic 
activities, including the ability to induce or sustain diffmntiation and/or 
develofment In additicm, growth frctors are aUe to recruit or attract particular 
cells fiom vdiich tte proliferative and developmental processes proceed. For 
example, under appropriate ccmditions HBGF-1 can recruit endothelial cells and 
direct Ae fimnation of vessds Aerefinm. By virtue of diis activity, growtii 
&ctor*suppleniented TS may tiierdyy provide a means to enhance blood flow and 
nutrients to q)ecific sites. 

As used herein, extended longevity means at least a two fold increase in 
the visually observable, useful in vitro lifespan of a TS. 

As used herein, demincralized bone matrix (DBM) means the organic 
matrix of bone that remains after bone is decalcified with hydrochloric or anodier 
acid. 
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As used herein, bone moiphograetic proteins (BMPs) mean a group of 
related proteins originally identified by tbeir presence in bone-inductive extracts 
of DBM. At least 8 related members have been identified and are designated 
BMP-1 through BMP-8. The BMPs are also known by other names. BMP.2is 
also known as BMP-2A. BMP-4 is also known as BMP-2B. BMP-3 is also 
known as osteogenin. BMP-6 is also known as Vgr-1. BMP-7 is also known as 
OP-L Bone mori^genetic proteins is meant to include, but is not limited to 
BMP-1 through BMP-8. 

As used herein* augmentation means tising a supplemented or 
unsupplemented TS to change the internal or external surface contour of a 
component of an animal's body. 

As used herein, a damaged bone is a bone which is Inoken, firactured, 
missing a portion tfaereoC or odierwise iiot healthy, normal bone. 

As used herein, a deficient bone is a bone which has an inadequate shape 
or volume to perform its fimction. 

As used herein, bone or DBM which is to be used to supplement a TS can 
be in the form of powder, su^iension, strips or blocks or other forms as necessary 
to perfinrm its desired fimction* 

As used herein, organoid means a structure that may be composed of 
natural, artifidal, or a ocHnbinadon of natural and artificial elements, that wholly 
or in part, rqdaoes the fimction of a natural organ. An example woidd be an 
artificial pancreas consistti^ of a network of cqnllaiies surrounded by cdls 
transfectedwitt an expitsncm vector containing the gene for insulin. Suchan 
Qtganoid would fimction to release insulin into the bloodstream of a patient with 
Type I Diabetes. 

Prqmntion of Svpp hm tnted TS. 

As a first step when practicing any of the embodiments of the invention 
disctosed herein, die supplement and TS must be selected. The supplement and 
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TS may be prepared by m^ods known to those of skill in the ait, may be 
purchased from a siq>plier ttiereof, or may be prepared according to the methods 
of this application. In a pr efe rred embodiment, growth factor, dnig-or DBM- 
siq>plemented FG is prepared 

In any of the embodiments of the present invention the supplement may 
be added to the fibrinogen, the thrombin, the calcium and/or the water 
component(s) before they are mixed to fonn the TS. Alternatively, tiie 
supplement(s) can be added to the components as they are bdng mixed to form 
theTS. 

In embodiments of the present invention, the calcium and/or thrombin 
may be supplied endogenously from body fluids as, for example, those in a 
wound. 

PrqmrationofTSs. 

In certain embodiments of this invention such as, but not limited to, 
vasoilar prostheses, and in bone and cartilage augmentation, TS which allows 
cells to migrate into and/or through it m^ preferably be used 

Any TS, sudi as commercially available FG, may be used in some 
embodiments of this invention. For cx8nq>le,FGswd]ich are well known to those 
of skiU in the art (see, eg., U^. Patent Nos.: 4,627,879; 4377,572; and 
4,298,S98» aU ha«in inooipofated by refococe) 

or manufacturer Aereot such as IMMUNO AG (Vienna, Austria) and 
BEHRINGWERKE AG (Germany). For these uses, such as localized drug 
deliveiy, the particular compoation of the selected TS is not critical as long as it 
functions as desired. Commercially available FGs may be supplemented with 
growdi factors, antibiotics and/or other drugs for use in the embodiments of this 
invcnticm including, but not limited to: in vitro cellular proliferation and/or 
differentiation; drug delivery; growth factor delivery, etc. 
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For the experiments exemplified herein. FG was prepared from 
ayopredpltate fiom fiesh fiozen plasma. The components of the FG that were 
used included: fibrinogoi concentrate; thrombin; and calcium ions. 

In a preferred embodiment of this invention, the total protein 
concentration in the prepared FG is fiom about 0.01 to 500 mg/ml of FG. In a 
more preferred embodiment, the total protein concenu^on in the prepared FG 
is from about 1 to 120 mg^FG. In the most preferred embodiment, the total 
protein amcentration in the prepeied FG is fiom about 4 to 30 mg^ FG. 

In a preferred embodiment of this invention, the fibrinogen concentration 
used to prepare the FG is fiom about 0.009.to 450 mg/ml of solution. In a more 
prefencd embodiment, the fibrinogen concentration in this preparatory solution 
is fiom about 0.9 to 110 mg/W. In the most preferred embodiment, the 
fibrinogen ctmcentration in tins prqnratoiy s«>lution is fiom about 3 to 30 mgAnl. 

In a prefened embodiment, the thrombin concentration used to prepare the 
FG is 0.01-350 U/ml. In a more prefened embodiment, the thrombin 
concentration is 1-175 U/ml. In the most preferred embodiment, the thrombin 
concentration is 2-4 U^U. 

h is importam that Ae caldum i<m concentration be sufficient to allow for 
activation of die thrombin. In a preferred embodiment, the USP calcium chloricte 
concentration is 0-100 mM. In a mme preferred onbotUment. die US? calcium 
chloride concentration is 1-40 mM. In the most preferred embodiment, the USP 
calcium diloride concentration is 2-4 mM. In some embodiments of this 
invention, the calcium may be supplied by the tissue or body fluids as, for 
exanqde, in die wound dressing embodiment 

In preparing the TS, sterile water for injection should be used. 

Although the concentration(s) of growth factor(s), drugs and other 
compounds will vary depending on the desired objective, the concentrations must 
be great enou^ to allow them to be effective to accomplish their stated purpose. 
In a preferred embodiment of this invention, the growth factor concentration is 
fiomabom I ngAodto 1 mg/mlofFG. In a more preferred embodiment the 
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growth factor concentration is from about 1 |ig/ml to 100 ^g/ml of FG. In the 
most preferred embodiment, the growdi factor concentration is from about S 
^g/Inl to 20 ^g/ml of FG. In a preferred embodiment of this invention the TET 
or CIP concentration is from 0.01 to 300 mg/ml FG. In a more preferred 

5 embodiment of this invention the TET or CIP concentration is 0.01-200 mg/ml. 

In the most pf^cned embodiment of this invntion the TET or CIP concentration 
is 1-lSO mg/ml. The amomit of the supplements to be added can be empirically 
determined by one of skill in the art by testing various concentrations and 
selecting that which is effective for the intended purpose and the site of 

10 application. 

PnpamtimcfCrmrih Fadors. 

The growdi fiictar(sX or mixture thereof, may be prepared by any method 
known to those ofskill in the art or may be purchased commercially. Any growth 
factor may be selected including, but not limited to, for exanq>le, growth factors 

15 that stimulate the proliferation and/or attraction of certain cell types, such as 

endothelial cells, fibroblasts, epithelial cells, smooth muscle cells, hepatocytes, 
and keratinocyles, mAlot growth f acttns which inhibit the growth of the same cell 
types and smooth muscle cells. Such selection nmy be dependent upon the 
particular tissue ate fot which the growdi &ctor-siq>plemented TS will be sjyplied 

20 and/or the type of effect desired For exanqde, an £GF-siq[>plemented TS may be 

pteferr ed for q)|Jicadon to wounds in die eye and for treating gastric ulcers while 
an osteogenin-siqiplemented TS may be prefened for application to bone 
fractures and bone breaks in order to promote healing thereof. 

In another preferred embodiment HBGF-lp was prepared and added to 

25 FG. HBGF-lp,orHBGF-la,oranyodicractiveforaiofHBGF-l,canbepurified 

fiom natural sources, from genetically engineered cells that express HBGF-1 or 
a derivative thereof, or by any method known to those ofskill in the art 
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HBGF-ip has been prepared using recombinant DNA methodology (Jaye 
et al., U.S. Patent No. 4,868,113; Jaye et al, J. Biol. Chem. 252:16612-16617 
(1987)). Briefly, DNA encoding HBGF-ip was cloned into a prokaryotic 
expression vector, a pUC9 derivative, and expressed intiacellularly in E. coli. 
The oqjressed peptide was then released from the cells by pressure, using a cell 
disnqiter operated on high compressicm-deconqnession cycles. After disruption, 
cell debris was ronoved by fihration and HBGF-lp was purified from the 
suponatant using standard m^hods of protein purification including afSni^ 
chromatograjdiy on heparin Sephaiose^ followed by ion-exchange 
chroniatognq>hy on CM-Sepharose''M. 

In addition to HBGF-1, described above, other growth &ctois that may 
be added to the FG include, but are not limited to, HBGF-2, IGF-1 , EGF, TGF-p. 
TGF-o, any frfatelet-derived growA fistcv or extract, BMPs, and mixtures of any 
growth factors. For example, platelet-derived extracts, which serve as rich 
sources of growth frurtors, may be added to the TS in addition to or in place of 
other growth fiictors, such as HBGF-1. 

In a preferred embodiment, a platelet-derived extract, ^pttpaxed by any 
method known to those ofskill in the ait, is added to a TS. Such an extract has 
been prqaared from plasnoa derived platel^ for use with FG. 

Platelet-Derived Wound Healing Factor (PDWHF) may be prepared and 
added to FG (Knigfalon et aL, Arm. Surg. 204-322-330 (1986)). Briefly, to 
piqMDe n>WHF, Mood is drawn imo anticoagulant s(^on and platdet^tch 
I^asmaispiqjarBdbyRfiigeratedcentxifugation. The platelets are isolated and 
stimulat e d widi thrombin, vMch releases ti&e contents of the alpha granule 
contents. The platelets are removed and an ef&ctr\« cmcentration of the 
remaining extract is added to a TS. 
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Additional Con^nenis of Growth Factor^upplemented TS. 

Since they are essentially plasma fractions, the TSs contemplated for use 
with growth foctors contain numerous components, some of vAiidti may interfere 
with the biological activity of the selected growth factor(s). For example, 
thrombin, ii^ch is an essential component of FG, can act as a proteolytic enz 
and q[)ecificaUy cleave HBGF-ip. Therefore, it may be necessary to include 
additional compounds, such as protease or other inhibitors, that protect the 
selected growth factor(s) from tiie action of other components in the TS which 
interfere with or destroy the biological activity of the growth factor(s). 

Selection of the particular inhibiting compound(s) may be empirically 
determined by using mediods, discussed below, tiut assess the biological activity 
ofthe growth &ctor(s) in die TS. Methods to assess biological activity are known 
to those of skill in the art. 

In addition, in order for certain growth factors to exhibit their biological 
activities, it may be necessary to include compounds that potentiate or mediate 
the desired activity. For example, heparin potentiates the biological activity of 
HBGF-1 in vivo (see, e.g.. Burgess ei al,^ Anmi Rev. Bioct^m, 55:575-606 
(1989)). 

The siqiplemented TS of ihe present invention may contain compounds 
such as drugs, other chemicals, and proteins. These may include, but are not 
linuted to: antibiotics such as TET, ciprofloxacin, amcnddUin, or metronidazole, 
anticoagulanls, such as activated protdn C, heparin, prostiacyclin (PGI}), 
(TOStaglandins, leukotrienes, antithrombin III, ADPase, and plasminogen 
activator; steroids, such as dexamethasone, inhibitors of prostacyclin, 
prostagkmdins, leukotrienes and/or kinins to inhibit inflammation; cardiovascular 
drugs, sudi as caldimi channel blockers; chemoattractants; local anesthetics such 
as biq>ivacaine; and antiproliferative/antitumor drugs such as 5-fluorouracil (5- 
FU), taxol and/or taxotere. These supplemental compounds may also include 
polyclonal, monoclonal or chimeric antibodies, or functional derivatives or 
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fragments thereof. They may be antibodies ivfaich» for example, inhibit smooth 
muscle prolifexation, such as antibodies to PDGF, and/or TGF-P, or the 
prolifoaticm of other undesirable celt types within and about the area treated with 
the TS. These antibodies can also be usefiil in situations vfhm anticancer, anti- 
platelet or anti-inflanunatory activity is needed. In general, any antibody whose 
efficacy would be improved by site-^lirected delivery may benefit from being 
used with this TS delivery system. 

Assays /or Assessing the Wound Healing Prop&des of a Growth Factor^ 
Supplemented TS. 

In order to ascertain i^iielher a particular growth &ctor-supplemented TS 
promotes wound healing and to select optimal concentrations of the growth 
&ctc»r(s) to do the same, the composition may be tested by any means known to 
dioseofskillindieart(see,eg:,Tsuboie/d:,J.£j97.^ed: 772:245-251 (1990); 
Ksandcre/a/.,J.i4mL Acad Dermatol 22:7^1-791 (1990);andGTeenhalghe/fl/., 
AnL J. Palk 136:1235 (1990)). Any mediod including both m vivo and in vitro 
assays, by which the acdvity of the selected growth factor(s) in the TS 
composition can be assessed may be used For example, the activity of HBGF-ip 
has been assessed using two tndq)endent in vitro assays. In the first, the 
pioliferation of endo t h e lial cells that had been suspended in a shallow fluid layer 
covering a plastic surbce which had been inipregnased with growth fiictor- 
supplemented EG was measured. In the second, the incorporation of 
thymidine in cultured fibroblasts in the presence of HBGF-1 was measured. 

In an lit vivo assay, FG that had been supplemented with HBGF-Ip has 
been tested for its ability to promote healing in vivo using mice as a model 
system. In this method identical punch biopsies were made in the dorsal region 
of the mice, wiiidi were then separated into test, treated control and untreated 
control groups. The wounds in the mice in the test group were treated with the 
growth factor*suppIemented TS. The wounds in the mice in the treated control 
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group treated with unsiq>plemeiited TS. The wounds in the untreated group 
were not treated with TS. After a time sufBcient for detectable wound healing to 
proceed, generally a week to ten days, the mice were sacrificed and the wound 
tissue was microscopically examined to histologically assess the extmt of wound 
repair in each group. 

The abili^ of the growth factor-siqyplemented TS to induce cell 
proltferaticm arid to xeciuit cells may also be assessed by m W£ria 
to those of skill in the art. For example, the in vitro assays described above for 
measuring die Inolo^cal acdvity of growth factors and described in detail in the 
Examples, may be used to test the acdvity of the growth factor in the TS 
composition. In addition, the effects of adding inhibiting and/or potentiating 
compounds can also be assessed 

Generally, the necessity for adding inhibiting and/or potentiating 
compounds can be empirically determined. For example, in the experiments 
described below, the HBGF-lp in HBGF-1 -supplemented FG was specifically 
cleaved in a stochastic numner, suggesting that a component of the FG 
prqiaration, inost likely thiombiii, was resporisible. Heparin, which is known to 
bind to HBGF-1 and protea it from certain proteolytic activities, was added to 
tiieHBGF-l-supplementedFG. The addition of relativdy low concentrations of 
hqiarin protected HBGF-ip from cleavage that would destroy its biological 
activityintfacFG. Tberefiire, IS compositions that indudeHBGF-lniay include 
heparin or some oAer substance that inhibits tiie cleavage of HBGF-^l by tiuomlnn 
or other proteolytic components of tiie FG . 

Sinularly , the aUlity of a selected inhiUtor to protect a growth fector from 
degradation by TS components may be assessed by any method known to those 
of skill in the art For example, heparin has been tested for its ability to inhibit 
cleavage of HBGF»1 by thrombin, which is an essential component of FG. To 
do so, nuxtores of various concentrations of heparin and HBGF-l-supplemented 
FG have been prepared, and incubated for various times. The biological activity 
ofHBGF^l in die mixnire has been tested and tiie integrity of UieHBGF-l has 
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bcen ascertained using western blots of SDS gels. Relatively low concentrations, 
about a 1:1 molar ratio of heparin:HBGF-l, are sufficient to protect HBGF-1 
fiom degradatioin in FG. 

It can also be empirically deteimined whether a particular compound can 
be used to potentiate, mediate or enhance the biological activity of a growth 
factor(s)inTS. 



Topical or Internal Application of the Growth Factor^mplemented IS to an 
Internal or External Wound. 



Prior to clinical use, the growth factor and TS, or the growth fector- 
supplemented TS is pasteurized or otherwise treated to inactivate any pathogenic 
contaminants therein, such as vinises. Methods for mactivating contaminants arc 
welWmown to those of sidU in the art and indude. birt arc not limited to^ 
deteigent treatment and heat treatment (see. e.g:. Tabor et al.. Thrombosis Kes. 
22:233-238 (1981) and Piszkiewicz et al.. Transfusion 2ft 198-199 (1988)). 

The stipplemented TS is applied diiectfy to the wound, other tissue or 
oflier desired location. Typically for external wounds it can be applied dirccUy 
by any means, including spraying on top of the wound. It can also be applied 
intemaUy. such as during a surgical procedure. When it is apptied intemaUy. 
sudi as to bones, tiie dot gradually dissolves over time. 



Self^CantainedAppeeations efAe Supplemented or VnsupplementedlSfor 
Intamalw External Wounds. 



The TSs may be fimnulaled as a self-contained wound dressing, or fibrin 
sealant bandage, which comains the necessary thrombin and fibrinogen 
components of the FG. The self-contained dressing or bandage is easy-to-use. 
25 requiring no advanced technical knowledge or skiU to operate. Itcanevenbe 

sdf-administcred as an emeigency first aid measure to presenre life untU medical 
assistan c e becomes available. 



The self-contained TS wound dressing or fibrin sealant bandage is an 
advancement over the current technology in that the field-ready preparation can 
be stored for long periods, and be used to provide rapid TS treatment of a 
hemorrhaging wound without the time delay associated with solubilization and 
mixing of the components. These characteristics make it ideal for use in field 
qyplications, such as in trauma packs for soldiers, rescue workers, 
ambulance/paramedic teams, fircmm, and in early trauma and first aid treatment 
by emergency room personnel in hospitals and clinics, particulariy in disaster 
situations. A small version may also have utility in first aid kits for use by the 
general public or by medical practitioners. 

The self-contained TS wound dressing or fibrin sealant bandage 
comprises a tissue sealing composition comprising a tissue sealant or fibrin 
ooiiq[>texoftiie type pieviously described For example»tfie composition may be 
conqirised of purified fibrinogen, thromlnn and calcium chloride with sufficient 
Factor Xm to produce a fibrin clot In one embodiment the fibrinogen and Factor 
Xin components are supplied in the form of topical fibrinogen complex (TFC). 

When used on human patients, the componmts are most preferably 
pathogen-inactivated, purified components derived fiom human sources. In 
particular, the components of the present invention, including additives thereto, 
are treated widi a deteigent/solvent, and/or otherwise treated, e.g., by 
pasteurization or ultrafiltration to inactivate uny pathogenic contaminaiits therein, 
such as viruses. Methods for inactivating contaminants are well-known to those 
of skin in die art and include, but are not limited to, solvent-^et^gent treatment 
and heat treatment Solvent-detergent treatment is particularly advantageous in 
that the proteinaceous components are not exposed to irreversible heat- 
denaturation. 

The calcium mdfor Factor XIII components may be contained in either 
the thronibin and/or the fibrinogen component(s), and/or absorbed from the 
patient's endogenous calcium present in the fluids escaping from the wound. 
Thrombin may also be supplied endogenously. Bther or both of the thrombin or 
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fibrinogen components can be. but does not have to be, supplemented in each of 
the following embodiments with one or more growth factors, drugs, inhibiting 
compounds (to inhibit the activities of the sealant that nwy interfere with any of 
the biological activities of the growdi fiictor or drug), and potentiating compounds 
(to potentiate, mediate or enhance any of die biological activities of the growth 
fictor or drug), compounds H*ich inhibit die breakdown of the fibrin dot, or 
dyes. 

The growdi fector may include, e.g., fibroblast growdi &ctor-l, fibroblast 
growdi factor-2 and fibroblast growdi &ctor-4; platelet-derived growdi fiwtor, 
insulin-binding growdi &ctor-l; insulin-binding growdi factor-2; epidermal 
growdi &ctor; ttansfotming growdi £actor>a; transforming growdi &ctor-P; 
cartilage-indudiig ftctors -A and -B; osteoid-inducing fictor, osteogenin and 
other bone gnwdifectres; collagen gn»wdi fector, hqariiHbindinggiowdife^ 
1; heparin-binding growdi &ctor-2; and/or dieir biologically active derivatives. 

Tbe drag nay be an anal^c, antisqitic, antibiotic or oOxa drug(s), such 
as antiproliferative drugs which can inhibit mfection, promote wound healing 
and/or inhibit scar formation. More dian one drug may be added to die 
composition, to be released simultaneously, or die drug may be released in 
predetermined tinw-^elease manner. Sudi drugs may ii^ude, for exan4}le,taxol, 
tetracycline fiee base, tetracycline hydrochloride, ciprofloxacin hydrochloride or 
5-fluorouracU. The addition of taxol to die fibrin seahmt complex may be 
particulariy advantageous. Furdier, die drug may be a vasoconstrictor. e.g:, 
cpinepiniBe; or die drug may be added to stabilize dw tissue sealam or fibrin dot, 
e.g. t qnotinin. The supplenMnt(s) is at a concentration m die TS such diat it will 
be effective for its intended purpose, e.g., an antiUotic will inhibit die growdi of 
microbes^ an analgesic will relieve pain, etc. 

Dyes, maiken or tiaccninqr be added, for exanqile, to indicate die extern 
to vHaeh the fibrin dot m^ have entered the wound, or to measure die 
subsequent resorption of the fibrin dot, or die dye may be released from the 
tissue sealant in a predetermined, time-release manner for diagnostic purposes. 
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The dyes, maikers or tracers must be physiologically compatible, and may be 
selected torn colored dyes, including water soluble dyes, such as toluidine blue, 
and r^oactive or fluorescent mazkers or tracers ^^ch are known in the art. The 
dyes, maricers or tracers may also be compounds which may be chemically 
coupled to one or more components oftfic tissue sealant In addition, the marker 
may be selected fiom among jHOteinaceous materials ^^ch are known in the art, 
which upon exposure to proteolytic degradation, such as would occur upon 
esqposure to proteases gscaping fiom wounded tissue, diange color or develop a 
color, the intensity of vAich can be quantified. 

Moreover, when the TS is used to replace or repair wounded or damaged 
hoot or osdfied tissue, the composition may also be supplemoited with effective 
Ammmtg of demioeralized b(me matrix and/or bone moiphogenic proteins, and/or 
their bi(rfogically compatible derivatives. 

The concentration of the fibrinogen and/or thrombin ccmiponents of the 
self-contained TS wound dressing or fibrin sealant bandage may have a 
significant effect on the density and clotdng speed of the final fibrin matrix. This 
principle may be used to satisfy specific uses of the self-contained TS wound 
dressing or fitein sealant bandage in specialized situations. For example, the 
treatment of an arterial wound may require the fibrin clot to set very rq>idly and 
widisufScient integrity to withstand pressurized blood flow. Qntheotl»hand, 
vAea filUne dcqp crevices in a wDun4 treatment m^ requue the a 
fill die wouDd ocxnqplctely before the fibrin clot sets. 

The GdPttck Embodiments 

In the gd padc embodiment of the self-contained dressing, the thrombin 
and fibrinogen coiiqx)nents are individually contamed in indq>endent quick- 
evaporadng gd layers (e.g. , methylcellulose/alcohol/water), whoein the two gel 
layers are ^gpflfirtf^ fiom each other by an impermeable membrane, and the pair 
are covered widi an outer, protective* second impermeable membrane. The 
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baiuiage may be coated on the surface th« is m 

insure that the gd pad remains in place during (See Figure 39). 

Inuse^tiiemembnme sepsaating the two gel layers is removed, allowing 
the two compcments to mix. The outer membrane is then removed and the 
bandage is q>plied to the wound site. The action of the thrombin and other 
components of the fibrinogen prqmradon cause the conversion of the fibrinogen 
to fibrin, in the manner previously disclosed for other FS applications. This 
results in a natural inhibition of Mood and fluid loss fiom the wound, and 
establishes a natural barrier to infection. 

In a siinihir gel pack embodiment, both the thrombin component, and the 
plastic fihn separating the thrombin gel and the fibrinogen gel, may be omitted. 
In operation^ the outer impervious plastic fihn is removed and the bandage 
qiplied, as previously described, directly to tiie wound site. Thethrom^and 
calcium naturaUy present at the wound site then mduce the conversion of 
fibrinogen to fibrin and mhiUt blood and fluid loss from the wound as above. 

This alternative embodiment of the gel pack has the advantage of being 
simpler, chei^, and easier to produce. However, there may be circumstances 
in vAnch a patient" s wouiuis have insufBdent tiirombm to effectively transform 
the fibrinogen gel into a fibrin tissue sealant In those cases, the thrombin 
conqx>nent must be exogenously supplied, as in the eariier-described gel pack 
embodiment of the invention. 

The Fibrin SeoloM Bandage Embodimaas 

A fiMn sealant bandage embodiment is fi^rmulated for qiplying a tissue 
sealing ccmposition to wounded tissue m a patient, wherein die bandage 
comprises, in order (1) an occhisive baddng; (2) a physiologically-acceptable 
adhesive layer on tiiewound-&cir% surfice of die baddng; and (3) a layer of dr>' 
comprising an effective amount, in combination, of (a) dry, virally- 
inacttvated, purified fibrinogen complex, (b) dry, viraliy-inactivated, purified 
thrombin, and as necessary (c) effective amounts of calcium and/or Factor XIII 



wo 96/17633 



PCT/US95/1S876 



-48- 

to produce a tissue-sealing fibrin clot upon hydration, wherein the layer of dry 
materials is affixed to the wound-facing surface of the adhesive layer. In one 
embodiment, iSxt occlusive baddng and the physiologically-acceptable adhesive 
layer are one and the same, if the backing layer is sufficiently adhesive to 
effectively bind the layer of dry materials. 

In another embodiment, a removable, wateipioof^ protective film is placed 
over the layer of dry mp^^a^g and the txposed adhesive surface of die bandage 
for long-lenn stable storage. In operation the waterproof, protective film is 
removed prior to the application of the bandage over the wounded tissue. 

The tissue sealant component of the bandage in one embodiment is 
activated at the time the bandage is applied to the wounded tissue to form a tissue 
sealing filsin dot by the patient's endogenous fluids escqnng fiom the 
hemonfaaging wound. Preferably, the tissue sealant is hydrated and fluid loss 
fiom tiK wound will be significantly diminished within minutes of qyplicauon of 
the bandage to the wounded tissue. Although the speed with which the fibrin clot 
forms and sets may be to some degree dictated by the ^plication, e,g,, rapid 
setting for arterial wounds and hemorrtiaging tissue damage, slower setting for 
treatment of wounds to bony tissue, preferably the fibrin clot will form within 
twenty minutes after application. More preferably, this effea will be evident 
within ten minutes after q)plication of the bamiage. Most preferably, tiie fibrin 
clot will form witinn two to five minutes after application. In the embodiment 
comprising the most rapidly forming fibrin dot, the tissue seal will be 
substantially fonned within 1-2 min^'^^j more preferably within 1 minute, and 
naost preferably witiun 30 seccmds after application. 

h msy be necessary to use pressure in qiplying the fibrin sealant bandage 
until the tissue sealing fibrin clot has formed over the wound site. 

In the ahcmative, in situations where fluid loss fit>m the wound is 
insuffident to provide adequate hydration of the dry tissue sealant materials, or 
where time is of the essence, as in a life-threatening situation, the tissue sealant 
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30 



componeiits are hydiated by a suitable, physioU^Iy-acceptable liquid prior to 
plication of the bandage to the wounded tissue. 

Toconstnict the bandage, the diy materials may beobt^^ 
by lyopihilization or fieeze^hying, or suitable, commercially-available materials 
may be utilized. Anhydrous CaCI, may also be added to the dry TS components 
to accderate the speed of fibrin foimation upon hydration of the fibrin seahmt 
bandage. The binding of the diy materials to the adhesive or backing layer may 
be enhanced by adding a binder, preferably a water soluble binder, to the diy 
components. 

The backing of the fibrin sealant bandage may be of conventional, non- 
resortMble materials, e.^., a siUcone patch or plastic materiaU or it may be of 
biocompatible. lesoriable materials. Hie backing material may act as more than 
a delivery device. Its prefened composition is detemuned by tiie desired 
application ofthe fibrin sealant bandage. For example, a non-resorbable backing 
is appnqiriate fiff many external uses, where it provides st^ 
forthe fibrin dot In an alternative embodiment, the non-resort>abIe backing is 
reinforced, e^., with fibers, to provide extra strength and durabiUty for die 
protective covering over the fibrin clot 

Subsequem removal of tiie dot with tiie badcing is acceptable in many 

sitoatioos. sudi as when the fibrin seahmt bandage is used as a first aid measure 
until medical assistance becomes avaitoble. ba such a situation, die dot will have 

served its purpose to prevem life threatening loss offluid. and it wiU be desirable 
to remove the dot without causing additiand tissue damage to permit proper 
treatment or surgicd rqnir of tiie wound. 

In die alternative, tiie noniesoibable baddng may be used to provide 
streqgtii to the tissue sealing fibrin dot during its formation, eg., when tiie 
hemorrhaging fluids are escapiiig under pressure, as in an arterid wound. Yet. 

if sudi a wound is intenid. it is advantageous to remove tiie badcing fiom flie 
fibrin dot whhout dismrfoing die tissue sed. Therefore, a fibrin sedant bandage 
is provided in which tiie adhesive hiyer is of a materid having a lower shear 
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strength than that of the fifarin clot, pennitling removal of the backing without 
damage to the fibrin clot or the tissue surrounding the wound. 

By comparison, certain internal applications mandate the use of a 
resorbable backing to eliminate the need for subsequent removal of the dressing. 
A resorbable material is one whidi is broken down ^ntaneously or by the body 
into components vAich are consumed or eliminated in such a nuumer as to not 
significantly interfere with healing and/or tissue regraeration or function, and 
without causing any other metabolic disturbance. Homeostasis is preserved. 
Materials suitable for preparing the biodegradable backing include proteinaceous 
substances, e.g., fibrin, collagen, keratin and gelatin, or carbohydrate derived 
substances, e.;., chitin, diitosan, carboxymethylcellulose or cellulose, and/or 
their biologically compatible derivatives. 

The adhesive byer, if sqnrate fiom the occlusive backing layer, is 
selected on die basis of the intended ap|rfication of the fibrin sealant bandage, and 
m^ comprise convendcmal adhesive materials. Antiseptic may be added to the 
adhesive layer. 

If the tissue sealing fibrin clot is to be mnoved from the wound with the 
occlusive backing, such as prior to surgery, the adhesive must be sufficient to 
affix the dry material layer to the occlusive backing, and to maintain an adhesive 
cqiability after hydration vriiich is greater than the sheer strength of fibrin. 

If die tissue sealiiig fibrin cbt is to remain in position over the wound, but 
the occlusive becking must be removed after i^Ucation, the adhesive must be 
faifficiently sddcy to afBx the diy material kyer to ibt occlusive baddng, but yet 
have an adhesive cq>ability aftor hydration i^ch is less than the sheer strength 
of the fibrin dot In the alternative, the adhesive layer may be of a material 
vAdA bec«»nes soliibilized or less sticky during hydration of the dry materials, 
pemutting removal ofthe backing finom the fibrin clot In the alterative for such 
purposes, the diy material layer may be affixed direcdy to the occlusive bandage. 

In another embodiment, the adhesive layer cominises two different 
adhesives to pemiit removal after hydration of the occlusive layer without 
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disturbing the tissue sealing fibrin clot Typically, in such a situation the diy, 

tissue-sealam conqionent niateriab arc affixed to a specific region of the baddn^ 
the "inner region," e.^:, the center, \vith an unencumbered area of adhesive 
extending beyond the area of dry material, the "outer region." 

The outer re^on of adhesive is affixed directly to the skin or tissue 

sumnmdmg or adjacent to the wound in such a way that the dry material region 
of the bandage fomis a fibrin clot duvctly over the wound. The adhesive layer 
on the region of backing vMch is not covered by the diy material layer of the 

bandage is sufiident to affix the fibrin sealant bandage to the tissue suiiounding 
the wound until its physical removal. The adhesive on the outer region must be 
sufficiem to hold the bandage m phice, even if fluids are hemoiriiaging fiom the 
wound under pressure, eg:, an arterial wound. 

The inner region of adheave is sufiSdently sdcky to affix the dry material 
layer to the occhisive bacldng, but yet have an adhesive capabi% after hydiadon 
which is less than the sheer strength ofthe fibrin clot In the alternative, the inner 
region of adhesive is of a material vt*ich becomes solubilized or less sticky 
during hydration ofthe diy materials, pemiitting removal ofthe backing ftom the 
fibrin clot In the aherative for such purposes, the dry material layer may be 
afiBxed in the inner region directly to the occlusive bandage, with an adhesive 
layer added only to the outer layer. 

Thus, in the two adhesive embodimenu the backing of the fibrin sealant 
bandage remams in place afiBxed to the tissue suiiounding the wound untfl the 
bandage is physically removed. But upon removal, the backing separates fiom 
Ac tissue sealing fibrin dot without disturiring the tissue seal. 

TheDuat-EneapsmlatedEmbedimails ofthe Fibrin SeaUmi Bandage 

In yet another e mhodinwat ci the fibrin sealant bandage, an independent 
Iqrdiating layer conqxising an dfecdve amount of carbonated water or 
|%siologically-accqptable buffered hydrating agent such as PBS, or comparable 
gel, is contained within a nqnurable, liquid-impermeable container. The 
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rupturable* liquid-impenneable container encapsulating the hydrating layer is 
affixed directly to the above-desciibed occlusive bandage layer or to the above- 
described adhesive bo^er aigacent to the occlusive bandage. Affixed to the 
exposed side (the side ^ch is not attached to the backing or adhesive layer) of 
the nipturable, liquid-inq)ermeable containo- enc2q)sulating the hydrating layer 
is a diy layer of finely-ground, powdered fibrin components, as described above. 
The layer of dry conqxments includes powdered fibrinogen or fibrinogen 
complex, thrombin, and as necessary sufficient calcium and/or Factor Xm to, 
upon hydration, form a fibrin clot 

The dual layers (the dry layer and the hydrating layer) are together 
covered on all surfaces not in contact widi the occlusive backing or adhesive 
material affixing the layers to the occlusive backing, with an outer, i»t>tective, 
second impermeable mem b r an e. Thus, in diis dual-layer embodiment, the 
contents are entiidy cocq»uiated witfiin m inqpe^ 

side is the occlua ve baddng material and fbc other side and all edges are formed 
by the outer, protective, second impeimeable membrane. 

In operation, die inner liquid-impemieable container enc^ulating the 
hydrating layer is f^ysically nqytured to rdease the hydrating material contained 
therein into the dry fibrin component b^er, resulting in a fiilly-hydrated tissue 
sealing fibrin clot to inhilnt blood and fluid loss from the wound, and to provide 
a natural barrier to infection. The outer, seccmd inq)emieable membrane retains 
the released hydrating material in contact widi the dry components until a 
malleable fibrin oonq>lex fimns» at wfaidi time die outer noembrane is physically 
removed and the bandage placed over the wound to foim a tissue sealant 

In the alternative, the outer membrane may be physically removed, and 
die dual layers forcefldly qspUed to the wound area in a inanner 
tibe inner liquid-impermeabte container and releases the hydrating a 
dry fibrin compcumits so that the tissue sealing fibrin clot is formed directly on 
the wounded tissue. 
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As in other embodiments of the fibrin sealant bandage, die selected 
adhesives and backing mateikb may be detennined by die intended application 
ofdiebandage. The hacking may be removable or lesoibable, and the adhesive 
may have die intended purpose iqwn removal of die bandage of removing the 
tissue sealant fiom die wound, or of leaving die tissue sealing fibrin clot 
undisnirbed. The adhesive may be a sqsaiately bound layer, or die baddng may 
itself act as an adhesive to affix die dry fibrin cmnponents. 

The thrombin, calcium and Factor XIII components which are necessary 
to form die fibrin complex may be affixed as diy mateiial(s) in die diy material 
layer, or diey may be included in liquid or gel form in die hydratmg layer. 
Moreover, diey may be divided between die two layers, so long as all of die 
necessaiy fibrin-fonning components are present, and die dry layer remains non- 
faydratednmfl die bandage is used. In addidon.addhives, such as die previously 
disclosed gcowdi fiKaois, antilnodcs, andsepdcs, andproliioa^ 
also be indu^ in dus embodiment of die fibrin sealant bandage. 

If die iQrdrating layer contains a liquid supersanirated widi gas, die dry 
material layer will be hydrated as an expandable, foaming, fibrin tissue seakmi. 
In die ahemative, die dry material toyer may be supplemented widi materials 

which produce gas, and hence foammg, upon contact Midi die hydiating agent 
If die hydrating layer is in die form of a gel, such as a quick-evapoiadng 
gd layers (e.g:, mediylceUulose/alcoholAwaterX die rupture of die sunounding 
inqpenneable barrier penaaits die diy material fibrin components to direcdy 

contact die hydrating layer as disckiscd above to produce die tissue scaling fibrin 
clot The gel layer, in the manner described for a liquid hydrating layer, may 
comprise any one, or all, of die diromlnn, caldum m Factor Xm elements of die 
fibrin comjAtx, and/or any one of dw above-disclosed additives. 

In an ahenate dual Iqwr embodiment, the tissue sealant is delivered as 
a wound sealing dresang, which need not be affixed to a backing. The 

conyxMients are organized essentially as a capsule widiin a oqjsule, wherein die 
temicqisule is used to define a broad concqitradierdian a material. Theabove- 
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described mcsqisulated hydrating layer is itself contained within a second 
encapsulating unit, which contains both the dry fibrin compcment materials and 
the oicapsulated hydrating layer. 

In operation, the inner, liquid-impermeable container encapsulating the 
hydrating l^er is physically n^nured to release the hydrating material contained 
therein into the dry fibrin component layer, both of whidi ranain completely 
contained within tiie outer, second enaq>sulating unit The integrity of the outer, 
second encq)sulating unit is not broken when the umer container encq)sulating 
the hydrating layer is physically ruptured. 

The mixing of the hydrating layer with the dry fibrin components within 
the outer encq>sulating unit results in a fidly<4iydrated tissue sealing fibrin clot, 
which is then ideased or oqidled onto wounded tissue to fcmn a tissue seal. To 
release Ae fibrin mass» Ae outer encapsulating imit is physically cut or torn, 
dtfaer randomly or at a sptdRc location on the sulfide, e.g. , to fimn a pour spout 
to direct the flow of die malleable fibrin mass onto the wound site. 

If the hydrating layer is a agent supersaturated with gas, the mixing of the 
hydrating agent with the dry fibrin ccmiponents results in an expandable foaming 
mixture, whidi is Aenqyplied to the wounded tissue. The foaming may, in the 
alternative, be achieved by hydration of the dry component layer. 

Tke S^Foandng Fibrin Sealant Embodimenls 

A self-foaming fibrin sealam dressing cmbodimem fi>r treatiiig wow 
tissue in a patient is fimnulated as an esqiendable foam comprising a fibrin- 
forming effective amount, in comlnnation, of (1) virally-inactivated, purified 
fibrinogen, (2) virally-inactivated, purified thrombin, and as necessary (3) 
calcium and/or Factor XIII; wherein said composition does not significantly 
inhibit fiiH-dudmess skin wound healing. The previously desoibed TS 
components aie stored in a canister or tank with a pressurized propellant, so that 
the components are delivered to the wound site as an expandable foam, which 
will within mimites form a fibrin seal. 
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Acceptable finrnuladons of the expandable foam embodiment provide the 
hydrated components of a fibiin clot, which in qpetation expand up to twenty- 
fold. The extent of expansion of the tissue sealing fibrin clot, however, is 
detennined by its intended application. 

For exanq)lc use of die oqandable foam fibrin sealant dresang within tiie 
abdomen provides a fibrin tissue sealant to significantly diminish or prevent 
blood or fluid loss fiom injured internal tissues organs or blood vessels, while 
also providing a banier to infection. However, at the same time the expansion of 

the foam must be controUed to prevent hannfiil pressure on undamaged tissue, 
organs or blood vessels. Such a situation may wanant the use of an expandable 

foam dressing in vi*ich the expansion is limited to only 1- or 2-fold, and not more 
than S-10 fold. 

By comparison, use of the expandable foam fibrin sealant dressing to fiU 
gaps within bone, may warram the use of material which expands at a much 
greater rate to produce a tight and firm seal over the wounded area. Arterial 
wounds may also respond well to a highly pressurized foam tissue sealant 
dressing. The extent ofthc expansion of such material may be in the range of 
above 20-fold, ahfaough preferably 10-20 fold, or more preferably 5-10 fold. An 
expansion of less than 5-fold, including 1- to 2-fold may also be applicable to 

20 "Pai^ofbiood vessels or injuHMl bone, for exampte in smaU areas, s^ 

inner ear. 

Ijkc the esqjansion rate, the sct-iq) time for die ftmnalionofdie fibrin seal 
using the expandable foam fibrin dressiog is also related to its intended 
application. In certain situations loss of fife may be imminent, such as m a 
patiem who has suffered arterial wounds or damaged hean tissue. In such a 

situation the fibrin dressing must expand veiy rapidly and form the fibrin tissue 
seal as quickly as possible, necessarily before exsanguinaUon. Preferably the seal 
will set^9 and significantly dhninish the patient's fluid loss within 2 minutes or 
less, more preferably in 1-2 minutes, and most preferably in less than 1 minute. 
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On the other hand, not all wounds are immediately life threatening. For 
example, the strength of the tissue sealant repair of bony tissue is more important 
thanar8pidset-iq)time. In such atuations, the conqx>^ti(m of the tissue sealing 
fibrin clot may be modified to permit greater cross-linking or thickening of the 
fibrin fiteils, or to pennit delivery of a more dilute composition which will 
continue to expand for a longer period of time. Such formulations may either 
permit or require a slightly longer time to set-up the tissue sealing fibrin clot. 
Although a set-iq> time of under 1 minute is £f)propriate for such qiplications, set- 
up times of 1-2 minutes, or iq) to 5 minutes would be acceptable. In 
circumstances recognizable to one of ordinary skill in the art a long set-up time 
of 5*10 minutes, or even up to twenty minutes, may be acceptable in non*life 
threatening situations. 

The ddiveiy devices, eg., canister, tank, etc., may be developed 
espedally for the present application, or they may be commercially available. 
The canister may comprise either a single or multiple reservoirs. Separate 
reservoirs, although more esqMnsive, will advantageously permit the hydrated 
c(»nponents to remain separated and stable until they are mixed upon q;>plication. 

The propellant must be physiologically accq>table, suitable for 
pharmacological ai^lications, and may include conventionally recognized 
propellants,forexanq>le, C02,N2, air or inert gas, such as fieoii, under pressure. 
In the ahemative, the dry fibrin conqxments may be siq>plemented with 
material(s) yAuch produce gas, and hence foaming, upon contact with the 
faydratinig ^cnL 

Since defiveiy pressure of the expandable foam fibrin dressing fiom Ae 
ddivay device, when combined with the composition of the fibrin clot itself and 
its set-up time, detennines the extent of expansion of the dressing, the delivery 
pressure is detennsned by the nature of the wound being treated. As described 
above, certain wounds require immediate formation of the tissue sealing fibrin 
clot to prevent loss of life, ^le others wounds require slow delivery or time to 
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fonn extensive cross-links to strengthen the tissue sealing composition. 
Therefore^ delivery pressure may ideally be situation specific. 

Pressure of 1 atmosi^iere, or less (14.7 lbs/inch^ will provide a low level 
of expansion and a slower rate of delivery. However, certain life threatening 
situations may wanant a delivery pressure of 1 -5 atmospheres, or more. In most 
cases, the delivery pressure chosen corresponds to that of commercially available 
canister devices. As an addition fiu:tor, the delivery pressure may be important 
to keep the tissue sealant material from clogging delivery lines or devices. 

Combined Embodiments of the Self^U^ntained Wound Dressing and Fibrin 
SetUant Bandage 

Finally, certain traumatic injuries will be best treated by combining 
several embodiments ofthesdf^ontaiiied fibril For example, 

in serious car accidents or iiguries caused by andpersonnel-mines or e^^losives, 
the wounds m^ be not only life-threatening but extensive, involving large, 
j^ged openings in tissue or bone with significant internal damage, often with 
accompanying serious bums. Such wounds may present numerous severed 
arteries and blood vessels in ad^on to extensive areas of wounded tissue. In 
such wounds» it may be advantageous to first liberally apply a rapidly setting 
expandable fibrin foam dressii^ to quickly control hemorrhaging, and then to 
wrap the entire area in an embodiment of the fibrin sealant bandage to support 
and protect die woimded area and seal slow fluid loss firoxn, for example, 
tissue, imtil die victim can be Iranq^xnted to a medical fecility, or until 
professional medical assistance can administered. In most instances, additional 
formulations of the fibrin sealant dressing will dien be applied by the trained 
personnel for die loiig«tenn repair, treatment and protection of the injured tissue. 

The foUowiiig examines are included for illustrative puiposes only and are 
not intended to limit the scope of the invention. 
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Example 1 

Preparation ofHBGF-l For Supplementation ofFG 

An 800 ml culture of recombinant £ coli containing a plasmid that 
included DNA encoding HBGF-ip was prepared. After induction and culturing 
for 24 hours at 37"C, the cells were centrifiiged and the supernatant was 
discarded The ceU pellet was lesuspended in 25 mis of20mM phosphate buffer, 
containing 0.15 M NaCl, pH 73. The suspended cells were disnq^ted with a cell 
disrupter and the cell debris was separated fiom the resulting solution by 
centrifiigation at 5000 g for 20 min. 

The pellet was discarded and the supernatant containing the solubilized 
HBGF*ip and other bacterial proteins was loaded onto a 2.6 cm diameter by 1 0 
cm high column of Heparin-Sepharose™ (Phannacia Fine Chemicals, Upsala, 
Sweden). The column was washed with 5 column volumes of 0.15 M NaCl in 20 

mM phoqihate buffer. pH 7.3» and then was eluted with a 0.1 5 M NaCl in 20 mM 
pho^hate buffa* to 2.0 M NaCl gradient 

The duate was monitored by UVabsoiption at 280 nm. Three peaks of 
UV absQiixing material eluted and were analyzed by SDS polyacrylamide gel 
electro|diorests. Peak number three dectroj^ioresed as a single band at about 
1 7,400 daltons and contained substantially pure HBGF-ip. 

In order to fordier insure that the HBGF-I p was free of contaminating 
bacterial proteins, peak number three, ^^cfa contained the growth fector activity, 
was dialyzedovenugfats^ainst 20 mMhistidine, 0.15 M NaCl, pH 7.5. Twomg 
of protein was loaded onto a 1 ml CM-Sepharose™ (Pharmacia, Upsala. Sweden) 
ion exchange column. The column was washed with 10 bed volumes (0.5 
ml/min) of 20 mM histidine, 0.15 M NaCl, pH 7.5 and eluted with a gradient of 
0.15 M NaCl to 1.0 M NaCl in 20 mM histidme, pH 7.5. The eluate was 
monitored by UV absorption at 280 nm and HBGF-ip was identified by SDS 
polyacrylamide gel electrophoresis. 
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This purified HBGF-1 was used to supplement FG in subsequent 
examples. 

Example 2 
StabiUiy of HBGF-1 

It was necessaiy to add an ingredient to the FG Oat would inhibit or 
prevent the digestion of HBGF-lp by thrombin (Ubb, Biochem. 27:2572-2578 
(1988)), which is a component of FG. Heparin, which adsorbs to HBGF-1 . was 
selected and tested to detomme whether it could protect HBGF-1 fiom digestion 
by thiombin and any other proteolytic components of the FG. The stability of 
HBGF-1 in the presence of mcreasing concentrations of heparin was assessed. 

Solutions containing HBGF-1 p (10 ^gAnl). thrombin (250 U/ml), and 
increasing concentrations of heparin (0, 0.5. 5, 10, 20. and 50 U/inl) were 
incubated at 37"C. AUquots were periodically removed fiom the incubating 
solutions and were fiozen and stored at -70*C for iuther testing. 

After the incubation was complete, the samples were thawed and 
separated on 15% SDS polyaoylamide gds underredudng conditions accoiding 
to the method of Laemmli (Nature 227:690 (1970)). The gel was then 
electroblotted onto mtrocdiulose and the band conesponding to HBGF-1 was 
identified usii« an aflbuQ^-purified polyclonal id)bitanti^ Jbe 
Western blots are shown in Fig. 1 on mAoOi the HBGF-lp band at 1 7,400 m w can 
be seen. The lesuhs indicated that in the presence of concentrations of heparin 
as low as 5 U/ml. HBGF-ip was protected fiom digestion by thrombin. In 
addition, as described in Example 3, its biological activity was not altered. 
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Examples 

The Biological Activity o/HBGF-l^ after Incubation in the 
Presence of Heparin and Thrombin 

The biological activity of HBGF-1 in the incubation mixture that 
contained S U/ml of heparin, and was described in Example 2, was measured 
using an ^H-thymidine incorporation assay with NIH 3T3 cells. 

NIH 3T3 cells were introduced into 96 well plates and were incubated at 
37"C under starvation conditions in Dulbecco's Modified Medium (DMEM; 
GIBCO. Grand Island, New Yoric) with O.S% fetal bovine senmi (BCS; GIBCO, 
Grand Island, New York) until the cells reached 30 to 50% confluence. Twodays 
lata:, varying dilutions of HBGF*1 from the sanyles p rep ar ed in Example 2 were 
added to each well witbout duinging the medium. Diluent (incubation buffer) 
was added in place of growth fiictor for the negative controls and DMEM with 
1 0% BCS, vAddi contains growth fectors needed for growth, was added in place 
of the HBGF-1 sample for the positive controls. 

After incubaticm at 37''C for 18 hours, 025 iiG of ^-thymidine, specific 
activity 6.7 ^Ci^l, was added to each wdl and the incubation was continued 
at 37''C for an additional 4 hours. The plates were rinsed with phos];rfuue- 
buffered saline (PBS) and fixed with 0.5 ml cold 1 0% trichloracetic acid (TC A) 
forlSminat4X* The TCA was removed, the {dates were rirised with PBS and 
die add-predintable material was solutnlized with 03 mlAvell of 0. 1 N sodium 
hydroxide for 1 hour at room te mp er a t u re. The samples were transferred to 
scintillation vials and 10 ml of scintillation fluid (New England Nuclear, 
Aquasure™) was added per vial. 

The results, vMch are shown in Figure 2, demonstrated that HBGF-1, 
which had been incubated in the presence of thrombin and heparin, retained its 
l»ol<^gical activiiy. The observed concentration dependence of thymidine 
incorporation was independent of incubation time and was typical of that 
expected for the dqiendencc of the proliferation of cells as a fimction of growth 
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factor concentration. Growth factors typicaUy exhibit an optimal concentration 
at ^ch cell proliferation is maximal. 

The biological activity of HBGF-1 in the presence of thrombin and 
heparin was also measured by observing endothelial cell proliferation. The 
surfaces of petri dishes were impregnated with the HBGF-1 supplemented FG. 
A shallow teyer of endothelial cells was added and the number of cells was 
measured. Over time the number of cells increased. In addition, the cells 
appeared to be organizing imo vessels. 

Thercfwe, HBGF-1 retains its biological activities in FG that includes 
heparin, which protects HBGF-1 from the degradative activity of thrombin and 
may also potentiate the biological activity of the HBGF-1 in the growth factor- 
supplemented FG. 

Example 4 
HBGF-1 Diffusion from a FG Clot 

A FG dot was fenned in a 5 ml pbstic test tube by mixing 03 ml of die 
fibrinogen complex containing 10 UAnl heparin and thrombin and 40 mMCaCl,. 
Four test tubes were set iq> as follows: 

(A) thrombin and 10 ^g/ml HBGF-1; 

CB) 0 J thrombin and SO )ig/ml HBGF-1 ; 

(C) 5 U/ml tiupombin and 1 0 Mg/ml HBGF-l ; and 

(D) 5 U/ml thrombin and 50 ng/ml HBGF- 1 . 

Each clot was covered with 02 M histidine buffer, pH 7.3. ITiirty ^1 samples of 

the overiying bufifer were removed from each tube every two hours and were run 
on a western blot 

llKiesuhsofdienqieriittent demonstrated tiiat HBGF-1 difiiiaonoutof 
the dot is a function of time and its concentration in the dot, and that the 
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concentration of thrombin in the clot does not affect the rate at vAdch HBGF-1 
is released from the clot 

Example 5 

The Behavior of Human Umbilical Vein Endothelial Cells in 
Growth Fador^upplemented FG: The Effect of WUd Type 

and Mutant FGF-1 

To study the in vitro effects of acidic fibroblast growth fiK:tor (FGF-1 > 
siq»plem«ted FG on human endothelial cells, suspensions of these cells vftrt 
added to 10 cm diameter petrididies that contained evenly qnead layers of 2.S 
ml of FG containing qqnoximately 9 mgof fibrino^npcrml and 0^ NIH units 
ofduombinperml. The FG was supplemented in the following ways: 

(A) No added growth fector; 

(B) Siq>plemented with 100 ng/ml of active, wild-type FGF-1 ; 

(C) Supplemented with 100 ng/ml of inactive, mutant FGF-1 ; or 

(D) Supplemented with 1 0 ng/ml of active, wild-type FGF- 1 . 

The cells seeded onto the FG li^er were maintained for 7 days in DMEM 
containing 10% fetal bovine serum (FBS). 

The cells became elongated and prolifeiaied efiBciently when in contact 
with FG sqpplenaented with biologically active FGF-1 (Figures 3 and 4). In 
contact widi unsqpplemenled FG (Figure S) or with FG supplemented with 
biologically inactive mutant FGF-1 (Figure 6)» die celb become elongated but 
proliferated rdatively slowly. 
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Example6 

The Behavior of Human Umbilical Vein Endothelial Cells in 
FGF-1- Supplemented FG 

To study their growth, human umbilical endothdial ceUs, 1(H or more 
ceils per ml, were embedded in FG, the protein concentration of «4uch was 4 
mg^ The cracentrationoftfinnnbin in die FG was adjusted to 0.6 NIHU/tail. 
The culture medhmi used in all of the raqieriments was M199 (Sigma Chemical 
Co., St. Louis, MO) sq;q>lemented with 10% fetal bovine seram, 10 fig/tail 
streptomycin, 100 U/ml penicillin. 1 ngAnl FGF-1 and 10 U/hil heparin. 

Within 24 hours in FG the cells became elongated, multipodial and 
formed a cellular network vAiesL Aey came in contact with each other (Fig. 7). 
This growth continued for at least 5 days. Figure 8 shows this situation at 48 
hours. 

As a control, an identical cell suspension was cultured on a sut&ce coated 
with fibronectin at 10 jig/cm*. Control cells acquired a cobblestone shape and 
m ai nt ain r d this root|d)ology for at least 5 dqrs. Figures 9 and 10 show this 
situaticm at 24 and 48 hours. Teq>ectively. 

Exanqile 7 

The Behavior ofPMEXNEa-3T3'2,2 Cells In FG 

PMEXNEO-3T3-2JJ cells are fibroblast cells that contain a modified 
genome with the potential to express genetically oigineeied proteins (Forough 
e/a/.,y. Biol. Chem. 2^5:2960-2968(1993)). To detennine the behavior of these 
cells in FG, 10* cdls per well were cuhured under duee conditions: 
(I) embedded in FG; (2) on the surface of FG; and (3) in the absence of FG 
(controls). The esqieriments were carried out in diq>licate in 24-well plates in 
DMEM media (Sigma Chemical Co^ St Louis, MO) supplemented with 10% 
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FBS. TheFGpfDteinconcenti:ationiwas4mg/inI. In identical experiments the 
medium was supplraiented with 1 .5% FBS was used as negative controls. 

In the presence of media supplemated with 10% FBS, the cells in all 3 
groups grew and became confluent In the negative contro]exi>eriments in \^ch 
the media was siq^plemented with 1.5% FBS, the cells grew and survived for at 
least five days in the presence of FG, but not without it However, their growth 
was fester in FG siqpplemented with 10% FBS than in that supplemented with 
1 .5% FBS. In the absence of FG, in the media supplemented with U% FBS, the 
cells died within 48 hours. Thecriteriaforsurvival was the ability of the tested 
cells to proliferate iqx>n transfer to fiesh media siin>lemented widi 10% FBS. 

Example 8 

The Endothelialization of Expanded PTFE Vascular Grafts by 

HBCF'l Pretreatment 

Two studies demonstrated that pretreatment of blood^ntacting 
biomatcnals with endothelial cell (EC) mitogens mhancrd endothelialization. 
The first study examined Ae in vivo wa^ut characteristics of HBGF-1- 
supplemented FG sospcosaon qqdied to expanded PTFE grafts implanted into 
rabbit acRtas. In the second study similar grafts were implanted into the aortaileac 
position in dog& HBGF-1, an angiogmic fector, was used in studies. Other 
growdi ftdofs sttdi as a FGF, FGF-4 and/or OP-1 can also be used as a 
si^iplcmcnt(s) for Ac vascular grafts. 
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A WaskottiStudy 

In gemal, the modified FG was sterilely prepared by adding 
qqnroximatdy 1 ngfao? area of the inner and outer graft surfitces of human 
recombinant "^-HBGF-l, 20 ^g/cm^ porcine intestinal mucosal heparin, and 2.86 
5 mg/cm^ fibrinogen to 2.86 x lO"^ U/cm^ reconstituted, commercially available, 

human thrombin (1000 U/ml) to iiufaicc polymerization. 

The *^I-HBGF-1 was specifically prepared as follows. Fibrinogen was 
reconstituted by adding 500 mg of fibrinogra into 25 ml of PBS to produce a 
fibrinogen concentration of 20 mg/ml of PBS. Three ml of this solution which 
10 contained 60 mg fibrinogen wore placed into 12 Eppendorf plastic tubes and 

maintained at -TO'^C Each of these aliquots was used individually. 

The tfaromlnn was reconstituted by dilutiiig a conunerdally available 
preparation diereof (Armour Pharmaceudcal Co., Kankakee, IL) at a 
concentration of 1000 U/tad by a &ctor of 1 :10 in sterile so^^ 
15 concentration of 100 U/mJ. This thrombin solution was again diluted 1:10 to 

produce a solution of 1 0 U/ml. 

The bovine heparin (Uf^ohn, Kalamazoo, MI) was reconstituted by 

diluting the prqsaration at a conccntratiQa of 1000 U/rnl by a &ctor of 
using normal saline. 

20 One and 48/100 (1.48) ml of the reconstituted fibrinogen, 63 pL of the 

reconstitiited heparin, plus 15.66 »iL of '^I-HBGF-1 were mixed in a gkiss 
sdntiltati op tube. This niixture was dien aqnrated into a 3 ml plasdc syririge. 
Five ml of the reconstituted Arombin was placed into a glass scintilhoion tube. 
One end of the expanded PTFE graft was placed over a plastic 3-way 

25 stopcock nozzle and was secured there with a 2-0 silk tie. The PTFE was then 

enctrded with a 3 x 3 cm square of Parafifan^ vdiich was then crimped there 
widi a strmghthemostat to estaMi^ a watertight seal. A second 2-0 silk tie was 
positioned over die parafilm adjacent to the stopcock to form another seal. A 
straight hemostat was then used to clamp the distal 2 mm of the PTFE/parafitoi 

30 to seal this end. 
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Equal volumes of fibrinogen and tfaiomhin solution prepared as described 
above were mixed and allowed to react for q)proximalely 30 seconds which is 
when polymeiizaticm occurs. The tfuombin<^lynieii2)ed fibrin is then opaque. 
(This time fisictor is fl|yproximate and varies fiom one thrombin lot to another. 
5 The a|)pro|mate length of time to polymerization can be determined by viewing 

the opacity of die mixture). The fifarin^thn)mbin mixture was aspirated into a one 
cc syringe. (NOTE: The volume of this graft was 0.42 ml. For a graft with a 
laiger volume one needs to use a larger syringe.) The syringe was attached to the 
stopcock and the mixture was inj ected by hand over a period of 5 seconds until 

10 the liquid was seen to "sweat** tfarotigh the PTFE interstices and filled the space 

between the PTFE and the Parafilm™. The 3-way stopcock was closed to the 
PTFE graft for 3 minwlrs and a scalpel blade was used to cut the ligature at the 
end ofthe PTFE over the stopcock. The PTFE graft^wafihn was removed fiom 
the stopcock md a hmostat was used to remove the PTFE from the parafi im 

15 envdope. To clear residual growth fiictor-siqiplemented FG fiom the graft 

lumen, a number 3 embolectomy catheter was passed through the graft five times 
until the graft lumen was conqdeteiy clear. The growth feictor-supplemcnted FG- 
treated PTFE graft was allowed to dry overnight for about 12 hours under a 
laminar flow hood The treated graft was then ready for implantation. 

20 Ahemaiivriy, this HBGF-siqiplemented FG was pressure pofiised into 

a 34 mm P4 mm 5 mm at each end) x 4 mm (iiiternal diameter) tiiiiKwaU^ 
expanded PTFE graft Aereby coatiiig the graft's luminal sur^ 
through the nodes to the graft's outer sur&ces. The himenofAe graft was cleared 
as stated above, lliese grafts were then interposed into the infirarenal abdo 

25 aortas of 24, 3-5 Kg New Zealand i^te rabbits. In the first study, die animals 

were sacrificed and q^Kcimens were esqilaiited at 0 time (to conect for ^ 
to surgical nnnqiulation) and after 5,30, arid 60 min, and 1,7, 14, and 30 days. 
Residual radioactivity was determined by gamma counting. Remaining 
'^I-HBGF-1, oonccted ft)r qp(»itaneous decay, is expressed as a percentage ofthe 

30 zero time value. 
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The washout of '»I-HBGF-1 foUowed classic kinetics with a rapid initial 
loss with the reestablishment of drculaticm (Warn = -24.1 between S and 60 
minutes) foUowed by a slow loss after 1 hr (%Amn = -0.03) with 13.4% ± 6.9% 
remaining after 1 week and 3.8% ^ 1 .1% remaining after 30 days. 

& in Vivo EndotheliaUzBtion Study 

The second study evaluated the effects of the applied HBGF-1- 
suppiemented FG suspension on: the rate of endothelialization of widely 

expanded 60 Mm intemodal distance expanded PTFE grafb implanted into canw 
aorta-iliac positions; the proliferative activity of these endotheUal cells as a 
function of time; and the rehdve contributions of the HBGF-1 and the FG in 
stimulating the observed endothelial ceUpiDlifciation. Three groups ofSOx 4 
mm noDHrdnfoiced expanded PTFE grafts were implanted m the aortailiac 
positionofWdogs. Group l(n- 6) contained 20 ng/cm' heparin. 2.86 mg/cm^ 
fifatin(>gen and 2^ x 10^> U/cm* of human thrombin plus I ng/cro* of HBGF-1 . 
Group 2 (n - 3) conUuned the same FG without HBGF-1 . Group 3 (n = 3) 
consisted ofidentical but untreated control grafts. Tritiated thymidine (^-TdR; 
OJ MOAg) was iivected in 10 hours before explantation. Grafts were explanted 
at 7 and 28 days for light and electron microscopy. Factor VIH 
immunohistochemistiy, and en face autoradiography for endothelial cell 
proliferation in random high power fields. Each graft was viewed by three 
observers who did not know fiom which treatment group the graft came. 
Differences in endodielial cell prolifbation were statistically analyzed by two- 
way ANOVA and independem t-tests. 

At 7 days 33% of both the FG and HBGF-1 -supplemented FG grafts 
demoBsnated noncontiguous ft)ci of endothelial cells (Fig. 1 1). The surfece of 
the control grafts icmained a fibrin coagulum. At 28 d^s, every HBGF-1- 
si4>plemented FG showed extennve cqullary ingrowth and confluent 
endothdialized blood contactmg surfaces, which were not seen in any specimen 
of the other two groups (Figs. 1 1 and 12). Figure 12 demonsnates that untreated 
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grafts at 28 days had few viable endothelial cells on their surface (Panel G). 
Grafts treated with FG alone had about 33% of Aeir surfiu:e covered with 
endothdial cells indicating that FG treatment alone encouraged some 
reendothelialization (Panel H). However, grafts treated with FG siqjplemented 
with HBGF-1 (Panel 1) appeared to be completely (>95%) covered with 
endothelial cells ^iiich display the characteristic cobblestone morphology of 
endodielial cells. Thus, die combination of growth factors delivered by FG was 
able to encourage essentially the complete covering of the vascular graft widi a 
non*thrombogenic endothelial cell lining. En face autoradiography revealed a 
statistically significant increase (p < .05) in ^-TdR incorporadon into the DNA 
of radotfaelial cells in the HBGF-1 -supplemented FG grafts at 28 days vs. all 
other groups both as a funcdon of time and of graft treatment 

These data demonstrate that pressure perfiision of an HBGF*1- 
siqyplemented FG sospcasim into 60 ^ intemodal distance expanded P i ir h grafts 
promotes endothelializadon via capillary ingrowdi and increased endothelial cell 
proliferation. 

These studies demonstrate enhanced ^xmtaneous re-endothelialization of 
small diameter vascular grafts, and also a method for stimulating a more rapid 
confluence of transplanted endothelial cells. 

Exan^le9 

The Fnparadon of a Platelet-Derived 
Extract for Use with FG 

Plasma reduced platelets were prepared and pelleted. The supernatant 
plasma was removed. The pelleted platelets were washed, suq^ended in buffer 
containing SOmM histidine md OAS M sodium chloride at pH 6.S. and treated 
with bovine durombin. After treatment, the supernatant was collected by 
centriiugatioii and aliquots were fiozen at -80*^C. The extract was thawed and 
mixed with FG or other TSs. 
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The platelet extract obtained in this manner was biologically active since 
it increased the incorporation of radioactive labeled thymidine into the DN A of 
proliferating NIH3T3 fibroblasts compared to the ccmtrols. 

To evaluate the effect of platelet extract on wound healing, experiments 
identical to those carried out below in Example 10 with HBGF-1 p were carried 
out with platelet extract in diabetic mice. From the results of these ^q)eriments 
is clear that, given the low concentradon of growth fiictors in the platelet extract, 
a dose larger than 100 ^g of platelet extract protein per wound needs to be used 
to prcnnote wound healii^. 

Example 10 

The Effect ofFG on Skin Wound Healing In Vivo 

Materials and Methods 
A. Unsupptemenied FC 
Animals 

Female CS7BL/K,l-dh/db mice were obtained fiom Jackson Laboratcxies 
(Bar Harbor, ME) and were 8 to 12 weeks old at the start of the experiment They 
were housed in separate cages after surgery in an aninial care facility. 

These mice are used as a model of inqiaired wound healing in diabetic 
humans because the metabolic abnormalities seen in diese mice arc gimiiflr to 
those found in human diabetics. In addition^ die ^>^t«"g impairmeaDrt 
cha r acter i zed by markedly dehqred celhilar infiltration, gramiladon tissue 
formation, and time required for wound cl osure suggest that healing in this mouse 
model may be relevant to die healing impairment seoi in human diabetes. 

FibrinGbie 

The ccmcentnded to|»cal fibrinogen complex (TFC) used in ^ 
im)duced fiom fresh firozcn pooled human plasina. The TFC product (American 
Red Crosfr-^Baxter Hyland Division, Los Angeles. CA) was supplied in 
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lyophilized fonn. After reconstitution with 33 ml of sterile water, the protein 
characteristics of the TFC solution used in this study were: total protein, 120 
mg/ml; fifarinogen, 90 mg^al; fibronectin, 135 mg/tnl; Factor Xm, 17 U^; and 
plasminogen, 2J2 ^g/ml. 

Topical bovine duombin (5000-unit vial, Annour Phannaceutical Co., 
Kankakee, IL) >vas reconstituted with S ml sterile water and was serially diluted 
in 80 mM calcium chloride solution (American Reagent Laboratories, Shiriey, 
NY) to a concentration of IS UAnl. 

Equal volumes of TFC and reconstituted thrombin were mixed to produce 
FG. In order to fill a round 6-mm-diameter full thickness wound, 0.015 ml of 
TFC was mixed with O.OIS ml of thrombin. The FG that was produced had a 
protein concentration of qiproximately 60 mg/ml. 

A diluted FG witfi aprotein concentration of qqnoximately 1 mg/ml was 
also used. 

The mice were anesdietized with a mixture consisting of 7 ml k^amine 
hydrochloride (100 mgtol; Ketaset, Aveco Co., Inc^ Fort Dodge, lAX 3 ml 
xylazine (20 mg^; Ronq>un, Mobey Coip., Shawnee, KA), and 20 ml 
physiological saline, at a dose of 0.1 ml per 100 g body wt, administered 
intramusculariy. The doisal hair was dipped, and the skin was washed with 
povidone^iodine sohition and wiped with 70% alcohol solution. Two full- 
dudosess, round smgical wounds (6 mm diameter) were made <m the lowCT 
oftfae mouse, one on eadi side, equidistentfrrai die midline. The medial edges 
of the two wounds were sqiarated by a margin of at least 1 .5 cm of unwounded 
skin. 

Immediately after the wounding had been performed, FG and/or a 
dressing was placed over the <fesignatcd wound. The dressing was a transparent 
semipenneable adhesive polyurethane dressing (Opsite^, Smith and Nephew, 
Massillon, OH). Tincture of Benzoin compound (Paddock Laboratories, 
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Minncapolis, MN) was applied at the periphwy of the wound area prior to 
application of the dressing. There was a margin of at least 0.5 cm of skin 
surrounding the wound edge over which no tincture of benzoin was applied to 
avoid the possible inflammatory effects of benzoin on the raw wound. No further 
treatments were qpplied to the wound for the duration of the experiment. 

Treatment Grot^ 

The mice were divided into 4 treatment groups, with each mouse serving 
as its own control: 

Group 1:- The wound on one side of the animal was treated with FG (60 
mg/ml) while the contralateral wound received no treamient Both wounds were 
covoedwithOpsite^. 

Group H: I>ihiicdFG(1.0mgAnl) was topically applied to 

one side Wiethe contralateral wound received no treatment Both wounds were 
covered with Opsite~ 

Group ni: FG (60 mg/ml) was topically applied over both wounds. The 
wound on (me side was left uncovered while the contralateral wound was covered 
withOpsite'*. 

Group IV: No topical treatment was applied over the wounds. The 
wound on one dde of the animal was left uncovered while the wound on the 
contralateral side was covered v/Uh Opsite~ 

WciutdAmalym 

The animals were euthanized on Day 9 of the experiment Thewounds 
were excised down to the muscle layer, includmg a margin of 0.5 mm of 
unwounded skm, and were placed in buffered 10% formalin solution. The 
qiediiiensweresubmittedtoahistology laboratory for processing. Specimens 
were embedded in paraffin, and the midportion of the wound was cut in S-^m 
sectiims. The slides were stamed with hematoxylin and eosin, or with Masson*s 
trichrome for histologic analysis. 
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Each slide was given a histological score ranging from 1 to IS, with 1 
corresponding to no healing and 15 corresponding to a scar with organized 
collagen fibers (Table 1). The scoring scale was based on scales used by previous 
investigators. The criteria used previously were modified and were further 
defined to more precisely reflect the extent of: reepithelialization, degree of 
cellular invasion, granulation tissue formation, collagen dq)osition, vascularity, 
and wound contraction* The histologic score was assigned 
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Tabk 1 



L Score 




Cnteiia * 


1-3 


^ithelialization 


None to verv fninhnal 




Cellular content 


None to very minimal (mainly 
inflaimnatorv c^Uc^ 

1111 nil 1 111 MiivJ T Vfclg^ f 




Graimlation tissue 


None to qarse amount at wound edges 




Collagen depositioh 


None 




Vascularity 


None 


4-6 


Epithelialization 


Minimal (less than half of wound diameter) 
to ynodftr^t*> fmore than half nf w aimwI 

diameter) 




Cellular content 


fibrobhsts 




Gramilaiionrissoe 


None to thm byer at wound center* thicker 
at' wound edges 




Cbllagen deposition 


Few collagen fibers 




Vascuhriiy 


Few canillArtM 


7^ 


^idielialization 


Completely epithelialized; thin layer 




fvihrtar content 


More fibroblasts, stiU widi inflammatory 
cells 




Giamibtion tiswe 


7« spmt at wound center, mainly adqiose 
tissue undemeaih qiidieliinn 

i{, thin layer at wound center; fiew coUagen 
libers 

9. ditcker byen more colbgen 



(Commued on next page) 
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Table 1 

Criteria for Scoring of Histologic Sections 


Score 




Criteria 


10-12 


j^tthdiaUzation 
Cellular cTMitfTTt 
Gtamilation tissue 
Collagen deposition 

Vascularity 


Thicker epithelial layer 
Predominantly fibroblasts 
Uniformly tfiick 

Moderate to extensive collagen deposited, 
but less mature when compared to collagen 
of unwounded skin margin 

Moderate to extensive neovascularization 


13-15 


PpittmlialiTgrinn 

Cdlular content 
Granulation tissue 


Thick ephhelium 

Fewer number of fibroblasts in deimis 
Uniformly thick 

Dense, organized, oriented collagen fibers 
Few well-defuied capillary systems 



sqniatdy by at least tfiree analysts. The code describing the wound treatment 
was broken after die scoring was conqpleted by all observers. 

5 Staibticol Analysis 

The values of the histological scores of the analysts vxxt averaged and 
wte expressed as the mean ± standard error of the mean. 

The paired t test was used for comparison of paired means in the different 
treatment groiq>5. The analyses were performed using the RS/1 Release 3.0 
10 statistical software padcage (BBN Software Products Corporation). 

The sample mean differences were tested for analysis of variance u^g 
the Statistical Analysis Software (SAS) System. 
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Results 

The Effect ofFG on Wound Closure (Croup I) 

In Group I both wounds on each mouse were covered with Opsite'". 
Under these conditions, the topical explication of FG with a protein concentration 
of 60 mg/ml to only one side of the animal resulted in statistically lower mean 
histological scores (3.06) for the FG side compared to the untreated wounds 



(5.26) (P<0.005) (Table 2). 


Tablel 




The Effect of FG (60 mg/ml) 




on Wound Cksnre (Group I) 




Treatment 


Histologic score 


N 


FG + Opsite" 


3.06 ± 0.7 


15 


Opshe" al(H» 


5.26 ± 2.21 


15 



The Effect ofDttuU FG on Wound Chswt (Group 11) 

In this group, both paired wounds which were covered with Opsite", 
K^cal iq>plicaticm of dilute FG (protein concentration of 1 mg/ml) resulted in a 
mean tustolcgical score (4.0) that was ncM siatisticaUy different from that for 
untreated wounds (4.36) (Pm.I7)(Table 3). 



Ta 


Irie3 




The Effect orDOote FG a ii«M> 




on Womd Ctemre (OtNip ID 




^Treattneoit 


Hisioiogic score 


AT 


DihueFG + Opsite" 


4.00 ± 0.77 


11 


Opsite^akme 


4.36 ± 0.67 


11 



The Effect ofOiaUe^ on FG-Treated Wounds (Group III) 

In this group of paired wounds both treated with FG with a protein 
con cCTtta tkm of 60 mg/ml, the q)|dication of Opsite"' to one ade resulted in a 
mean Mstc^gical score (4.2) MMdi was not statistically different from that for 
wounds which were left uncovered (4.93) (P«0.1 1 ) (Table 4). 
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Table 4 




The Effect of Opsite' oo Paired Wounds 




Treated with FG (Groop ID) 




Tieaiiueut 


Histologic score 


N 


Opshe* + FG 


4.20 ± 1.93 


IS 


FG but no Opshe' 


4.93 ± 1.09 


15 



Effea ofOpsUe^ on the Closure of Paired Vnireaied Wounds (Group IV) 

In this group of paired wounds which did not receive topical treatment of 
FG, ^plication of Opsite^ to one side resulted in a significantly lower mean 
histological score (4.92), as compared to that for wounds which were left 
uncovered (6J1) (P<0.0005) (Table 5). 



ANOVA of the treatment efiTects on sample mean differences was 
significant at <0.0001. 



TabkS 




Tte Effect of Opshe" on the Oosnre of Paired 


Untreated Open 1 


WoondsfGniipIV) 




Treatment 


Histologic score 


N 


opsite' (no FG) 


4.92 ± 1.26 


13 


NoOpstte'*(noFG) 


6.31 ± 1.2S 


13 



Discussion 

The results of diis study indicated that in rnice (1) when q>plied over open 
wounds, FG at a concentration formulated for hemostasis (60 mg/ml) resulted in 
lower histological scores at Day 9 vAdch indi c ated slower rates of wound healing 
ccMnpared to that of untreated wounds; (2) dilution of the FG protein 
concentration to 1 mg/ml resulted in a higher histological score at Day 9 vAdch 
indicated a foster rate of wound healing; and (3) education of a semipermeable 
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dressing (Opsite'^ per se significantly retarded wound closure in this animal 
model by itself. 

The total protein concentraticni of FG is an important variable \n*en 

comparing the results of studies using FG. Beneficial effects of fibrin in 

5 promoting wound healing and tissue repair have been reported, but lower 

concoitrations of fibrinogen have been used in the present studies than is 

commonly found in commercial |nq>arations. 

FG at a concentration of 60 mg^ delayed wound closure (Group I). Hie 

total protein concentration of FG which is commercially avaihd}le in Europe, after 

10 mixture of the fibrinogen and thramhm components, is 37.5 to 57.5 mg/inl. 

These data indicate that FG as presently formulated for hemostatic and adhesive 

indications retards healing when applied to open skin wounds. Thiseflfcctmay 

be due to (1) medianical obstruction to flie migration or proliferation of celhihu- 
elements that actively participate in the wound healing process. (2) mechanical 

15 "'"Wtiraofwound contraction or (3) a chcmia^ 

FG components on wound healing. Mechanical obstruction and inhibition of 
wound closure may be the more likely exptonation. since at Day 9 there is 
perastence of a solid fibrinogen-based clot on die wound Sfo&ce. 

In order to help detennine if diis was the cause, the total proton 

20 concentration ofFG was dUuted to 1 mgAnl. Topical application of this dihiteFG 

icsuhed in a histological score that was not significantly different fiom that for 
untreated wounds (Gnn^) nx suggesting that loww total piotdn concentratiw 
do not sigmficandy inhilnt die wound healing process. 

It is also wmdi noting Oat the mean histological score for covered wounds 
treated widithesameGoncenlrationofFO(60mg/taiI)butbelonging todiflferait 
treatment groups (Groups I and HI) had significantly differem values (3.06 for 
Gioiqplvs.4^forGnnqplII). These data demonstrated that animal to animal 
variadon inakes it difficuh to derive definitive conclusions fiom different animals 
subjected to die same treatment variables because some animals may heal faster 

30 or slower dian die odiers despite receiving die same treatment. This is reflected 
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in the range of standanlemns for the mean scores. For this reason each animal 
served as its own control, e.g. wounds in the same animal were compared to each 
other. By having the conin)! wounds in the same animal as the test wounds, t^ 
effectsof interaniinal variaUUty wasnuiiunized. These data also show that an 
adhesive dressing such as Opsite^ significantly delayed woimd closure. It should 
be noted, however, that in partial thickness skin wounds in pigs the protein 
concentration of the FG does not appear to be related to the rate of wound 
healing* 

R Cmvih Factor^upplemented FG on Wound Healing In Vivo. 

The effect of HBGF-IB growth factor-supplemented FG on the rate of 
wound repair in diabetic mice was assessed. The methods used in this e)q)eriinent 
were similar to those just described above. Two 6 mm fiill-thickness skin 
biopsies on the d(»sal part of eadi of 6 test inice were filled with FG to i^^ch 5 
^g of HBGF-lp had been added. Identical Uopsies in sx mice were left untreated, 
and in six control mice were filled with unsupplemented FG. After 9 days, all of 
the mice were sacrificed and histological preparations of S micron thick slices 
from each of the wounds and surrounding skin were prepared and stained with 
hematoxylin and eosin. 

The extent of wound repair in each sample, which was not identified as 
to the treatment groiq) fiom t^Aiich it came, was "blindly" evaluated by each of 
three trained analysts, ^lo assessed collagen deposition, reepithelialization, 
fluckness of tbe granulation tissue and die density of inflammatory cells, 
fibroblasts and capillaries. Each sample was scored fiom 1 to 15, ranging fiom 
no to amiplete repair. The samples fiom the wounds treated with 
unsqq)lema[ited FG were consastendy given the lowest scores arid 
untreated wounds or wounds treated with the growth factor-supplemented FG 
were given ibt highest scores. 
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Example 11 

FGasaDeKvery Vehicle of Osteoinductive Substances In Vivo 

Materials and Methods 

Fibrin SeaUmt 

Concomated human TFC (Baxter Hyland Division. San Pedro, CA) and 
human thrombin (Baxter Hyland Division. Glendale. CA) were produced for the 
American IUd<>ossfiom screened fresh fiozen pooled human pla^ Both 
components underwent viral inactivation using the solvent detergent method 
(New York Blood Center) during their production and were supplied in 
lyophilized foim. After rcconstitution with 3.3 ml of sterile water, the protein 
characteristics of the TFC solution were: total protein = 120 mg/ml; fibrinogen 
= 90 mgAoJ; fihronectin= 13J mg/iml; Factor Xm = 17 U/ml; and plasminogen 
«22fig/ml. 

Human thrombin (1000 U vial) was reconstituted with 3 J ml sterile 
water, and was seriaUy dUuted in 40 mM calcium chloride solution (American 
Regem Laboratories, Shiriey, hry) to a concentration of 15 U/inl. Human 
thrombin was used for preparing disks imphmted which were onto calvarial 
defects. 

Topical bovine thrombin (5000 U vial. Armour Pharmaceutical Co.. 

Kankakee, IL) was reconstituted with 5 ml sterile water, and was serially dUuted 
in 40 mM calchmi chloride sohition to a concentration of 15 U/ml. Bovine 

tfuombin was used fin- prqmring inqtlants for mttamuscular bioassay. 

In practicing this embodimem of tiiis invention the fibrinogen should be 
present at a concentration of 1 to 120 mg/ml FG. more preferably from 3 to 60 
mgAnl FG. most preferably from 10 to 30 mgtolFG. DBM should be presem at 
an approximate concentration of about 1 to 1000 mgAnl FG. more preferably 
from 50 to 500 mgAnI FG. most preferably from 300-500 mg/tad FG. The 

particfc siir ctf deminaaBzed bone powder shouW be from 0.0 1 to 1 000 microns, 
preferably from 20-500 microns and most preferably from 70-250 microns. The 
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osteoinducti ve growdi &ctoi(s) or BMPs should be present at a concentration(s) 
of about 1 to 100 iigfrni wherein the concentration(s) is effective to accomplish 
its desired purpose. Growth factors which may be used as osteoinductive 
substances in this embodiment include, but are not limited to: osteogenin 
(BMPS); BMP-2; OP-1 ; HBGF-1 ; HBGF-2; BMP 2A, 2B and 7; FGF-1 ; FGF-4; 
and TGF-p. In addition, drugs, such as antibiotics, can be used to supplement the 
TS for use in bone rqiair. 

Implant Pnparation 

Rat DBM was prepared as follows. The epiphyses of the long bones of 
rats were removed leaving cmly the diq>hyses behind The diq)hyses were split, 
if necessary, and the bone mairow was then thoroughly flushed with ddonized 
water (Milli-Q Water Purification System™, Millipore Corporation, Bedford, 
MA). The dis^hyses were then washed at room tempoature. At4^C, lOOOmls 
of deionizsed water was added to 100 g of bone. The mixture was stirred for 30 
minutes and the water was decanted. This step was repeated for two hours. 

At 4^C, one litre of cold absolute ethanol (Quantum Chemical 
Corporation, U.S J. Division, Tuscola, XL) was added for every 100 g of bone. 
After stirring for 15 minutes, the ethanol was decanted. This was repeated four 
times for a total of one hour's duration. 

Under a fimie hood, 500 ml of diethyl ether (Mallinckrodt Speciality 
Chemicals, Paris»KY) was added 10 Ac bone to cover it This was stirred gently 
for 15 minutes and the edicr was then decanted. An additional 500 mis of ether 
was added to the bone and die mixture was stirred for 15 minutes. Theetfaerwas 
again decanted. The borie was left under the fimie hood for the evaporation of the 
ether to occur. Defatted bone can be stored indefmitely in an ultralow freezer 
(-135*C). 

The bone was then milled to make bone powder. The powder was sieved 
and 74 to 420 micron size particles were collected . 
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Ten gram aliquots of the bone powder were placed in 250 ml centrifiige 
bottles. Eighty mis of 0.5 N HCl was added to each bottle slowly in order to 
avoid fiotfaing. The contents of each bottle were then stined gently. After 15 
minutes, an additional 100 mis more of 0.5 N HCl was added to each bottle over 
the course of 10 minutes. The bottles were then stined gently for an additional 
35 minutes. The total time that the powder was in the HCl did not exceed one 
hour. 

Each mixture was then spun in a centrifuge at 3000 rpm at 4'*C for 15 
minutes. The pHofthe supernatant was then checked. IfthepH was greater than 
2, the supernatant was poured down a chemical sink without disturbing the 
pellet(s). IfthepHofthesupernatam was less than 2, the siq)eniatant was poured 
off into a hazardous waste container. If the pellet(s) were loose* the centrifuge 
time was increased to 30 minutes. These stq)5 were repeated until the pH of the 
siq)ematant was equal to 0 J N HCL 

The pellets were then wadied with 1 80 mis of deionized water by stirring 
to produce an even suspension. The suspension was then centrifuged for an 
additional 15 minutes. The supernatant was then decanted as before. The 
washing was repeated until the pH of the supernatant equaled the pH of the 
deionized water. 

The pellets were then frozen at *180^C in a freezer. They were then 
lycqihilized using standard procedures. 

Disk-shaped implants 1 mm thidc and 8 mm in diameter were {xoduced 
usiqga4-picccahnnimBn mold figure 13). Twenty-five mgofratDBM powder 
was added into the mold chamber. Thirty ^l of TFC was then pipetted onto the 
DBM and mixed until die DBM had absorbed all of the solution. The 
concentrations of TFC which were used were 10^ 20, 40, 80, or 120 mg/ml. 
ndny |il of timmibin solution ( 1 5 UAnI in 40 mM calcium ddoride solution) was 
dien added to the DBM-TFC complex, was mixed, and was compressed into a 
disk-shape uang a pi5ton-sh29)ed lid. It was determined that 25 mg of DBM 
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powder had a volume of 20 ^l. After DBM had been added to the FG» the final 
protein concratrations were as follows: 



Table 6 


TFC 


Thrombin 


DBM 


FG, Total 


(mg/ml) 


Oi/ml) 




protein cone 








(mg/ml) 


120 


15 


25 


45 


80 


15 


25 


30 


40 


15 


25 


15 


20 


15 


25 


8 


10 


15 


25 


4 



Disk implants CQiiqx>sed of DBM alone or FG alone (4, 8, 15 and 45 
mg^ total protein concentrations) were likewise made using the same mold 

Fihy tag of DBM was poured into an aluminum mold, to which 60 \xl of 
TFC was then added to the DBM and mixed until fully absorbed. Sixty \il of 
thrombin was then added to the DBM-TFC complex, mixed and compressed into 
a disk-shq>e widi a diameter of 1 cm and a thickness of 2 mm using a piston- 
shaped lid. The disk was tiien cut manually into the desired shape (triangle, 
square or donut). 

For tbt intramuscular bioassay e}q)eriment, implants were placed in a 
sterile nylcm bag having a inesh size of70inicn>ns and ineasuring 1 cmx 1 cm. 

Animals 

Male Loi^-Evans rats were obtained from Charles River Laboratories 
(Wilmington^ MA). For the intramuscular bioassay, 28 to 35 day old rats were 
used. Three month old rats were used for the craniotomy experiment 
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SHrgay 

The animals were anesthetized with a mixture consisting of 10 ml 
ketamine hydrochloride (Vetalar, 100 mg/ml. Parice-Davis, Morns Plains. NJ). 
5 ml xylazine (Rompun. 20 mgAnl, Mobay Coiporation. Shawnee, KN). and 1 ml 
physiologic saline (0.9% NaCl). at a dose of 0.1 ml per 100 gm body weight, 
administered irtramusculariy. The operative site ofthc animal was prepped with 
70% alcohol solution, followed by povidone-iodine solution. The smgical 
procedure was then peifcmned using asq>tic technique. 

Intramusailar Bioassay. A midline ventral incision was made and a 
space was created between d» pectoralis muscles with blunt dissection. A nylon 
envelope containing the designated experimental material was inserted into the 
intramuscular q»acc and secured with a 3-0 Dcxon suture (Figure 14). Thesame 
procedure was then repeated at the contrateteral side. The skin was then closed 

withstaples. The implants were harvested after four weeks, were x-rayed and 
were p re par e d for histology. 

Disk-shaped implants were placed randomly and consisted of tiie 
foUowing: DBM alone (n = 12); FG alone at different concentrations (4 mg/ml, 
n = 14; 8 mg/ml. n = 3; 15 mgtol. n - 3; and 45 mg/ml. n = 12X and DBM-FG 
complex (4 mgtol, n « 12; 8 mgAnl n « 12; 15 mg/inl. n - 12; and 45 mg/inl n 
«12X There were fijur each oflbesquan^, triangle- and donut-shaped implants. 

CntihlomyPneedme. A linear indston was made fiom the nasal bone 
to die mid-sagittal cresL Soft tissues were reflected gendy and the periosteum 
was dissected fiom the aaniotomy site (occipital, fionlal, parietal bones). AnS- 
mm craniotomy was prepared with a trephine m a slow-speed rotary handpiece 
using copious saline irrigation as needed. The calvarial disk was dissected free 
while avoidmgduralperfiniatioro and superior sagittal sinus imrusion. The8-mm 
calvarial defect was either left untreated as control or filled with a 1 X 8-mm 
DBMorDBM-FGdisk(Figurel5). Tl)e skin was tiien closed witii skin staples. 

FoUowing suigeiy. each rat was identified by ear punches and returned to 
its cage where they were ambulatory within 2-3 hours. 
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The first set of calvariai implants consisted of DBM alone (2S mg, n - 3) 
orDBMinaFGniatrix(15mg/nil,n=2; 30mg/ml.n'=3;and45mg/ml,n = 3), 
and were retrieved after 28 days. The second set of calvariai implants consisted 
of 25 mg DBM in a 30 mg/ml FG matrix and were retrieved at different 
postoperative times (28 days»n» 10; 3 months, n = 9; and 4 months, n = 5). 

Reirieval of Implants 

At the indicated times, the rats were euthanized in a carbon dioxide 
chamber. A skin indaon was made around the experimental recipient bed (i.e., 
pectoralis major or calvaria) and the soft tissues were reflected fiom the recipient 
beds. In orthotopic sites, the craniotomies with 3-4 nmi contiguous bone were 
recovered fiomfiiefionto-occipito-parietalcoiiq>lex. In heterotopic sites, sharp 
and bhmt dissection was used to recover the implanted nylon envelopes. 

Radii^raphy 

The implants were radiographed using X*OMATL^ high contrast Kodak 
x-ray film (Ea^man Kodak Company, Rochester, NY) in a Minishot Benchtop 
Cabinet x-iay system (TFI Corporation, West Haven, CT) at 30 kvp, 3 N4a, and 
10 seconds. Gray-^level densities of intramuscular and craniotomy site 
radic^gmidis were analyzed using a Cambridge 920 Image Analysis System"" 
(Cambridge Instruments Limited, Cambridge, EngUmd). 

All retrieved qpedmens (soft and hard tissues) were immediately placed 
into qypropriately labeled vials containing preservative solution and were 
siikmiittedtoahistology laboratory for processing Histologic specimens were 
4.5 miciometer4hidc sections through the coronal dianMer. For each redpieni 
site, one section was prepared with hematoxylin and cosin stain (for 
photomicrDgrq>hy and examination of cell and stromal detail) and the other 
section was prepared with a von Kossa stain. 
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Resuits 

Jtadhgngfhy of Intnmmsailar Plants 

All DBM disks displayed Tadi<K>paque images. Forty-five out of 48 
implanted DBM-FG disks (93.75%) were radio-opaque. AU DBM-FG disks, 
legardless of protein concentration (4^5 mgAnI) induced ladio-opacity (Figure 
16). I^o-opacitymcasmaneiitsofsomeDBMdisks(Figurel6)w«lugIier 
than DBM-FG disks bm tire other measuranems ««e well wthin the range of 
ineasurements for DBM-FG disks. TOrly out of 32 FG disks which were not 
supplemented with DBM (93.75%) did not develop radio-opacity. 

DBM-FG disks in the form of squares, triangles or donuts were also 
markedly radio-opaque as compared to FG disks which were not supplemented 
withDBM. The original shapes ofthe implants were generaUy retained. 

Histology of iHtnmuaeuIar Implants 

The intramuscular bioassay was positive for DBM and DBM-FG 
implants, as evidenced by fomiation of ossicles with a central cavity filled with 
manrow and resorption of previously imptonted DBM particles. 

Radiography ofCahariallnqtlanls 

X-raysshowedDBMinvlamsinaFGmatrixto be generally more radio- 
op-piethanDBMiinplaiiisrfoneorunlwaledccmtrols. There was no maked 
discaiublc dififaoice between dlfont concentrvtions of FG used to deliver 

DBM. T^mdiographsofmiireatedSHmndiametercalvariadefectsshoweda 
negligible amount of radio-opacity. 

The second set of calvarial implants using DBM in 30 mg/ml FG matrix 
Aowrf maricedly increased radioK»pacily within the craniotomy wounds of 3 or 
4 month-old calvaria over 28 day calvaria (Figure 17). 
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Histology of Caivarial Implants 

Non-treated 8 mm oaniotomy wounds showed only fibrous connective 
tissue develc^nng across the aamotomy wound (Figure 18). Histology of DBM 
implants showed DBM particles to be scattered all over the field. Some DBM 
particlesmigiatedoverandundcrtheedgesofhostbone(Figurel9). MostDBM 
particles were, however, within the confines of the craniottMny wound and were 
surrounded by loose connecdve tissue that was well vascularized. Active 
resQipdon of DBM by osteoclasts was noted. A lot of DBM particles were also 
noted to be pcqnilated by live cells. New osteoid and bone laid down by 
osteoblasts werequite evident 

The histology of DBM implants in a FG matrix showed DBM particles 
localized within the cnmiotomy wound, surrounded by mudi denser and more 
cellular connecdve tissue (Figures 20 and 21). Osteoid matrix and bony 
trabeculaeformadon were quite evident More bone marrow was noted to have 
formed in craniotomy wounds implanted with DBM-FG disks than with DBM 
in^lants alone. There was also greater neovascularization with DBM-FG disks 
than with DBM iiiq>lants alone or untreated controls. Osteoregeneration was 
evident at all concentrations of FG used to deliver DBM. 

The natural Inocompatilnlity and Inod^tadability of FG are 
characteristiGS that make Han ideal ddivoy vehicle for DBM and BMPs. FG 
farilitatfH die shqnng of DBM into the desired form to fill bony defects, 
«ia;«^im>rf DBM vMthin &e defect, and may have been syne^istic widi DBM. 
Furthennore, soft tissue prolapse did not occur and bony contour was maintained. 
DBM-si9plemented FG possessed an q)propriate microardiitecnire. 
biodegradadon profile and release kinetics to support osteoblast recruitment and 

ost cm e g eucr a tion. 

Ovcnll, the data ind if«**^ that DBM delivered in FG at any of the tested 
FG protein concemiations induced as much bone formation as the DBM did 
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alone. Moreover, when DBM was coiifigured with FG to a particular pre- 
operative forni» the induced bone closely retained the original shqie 
postoperatively. 

Since die shape of die DBM-FG matrix determined the morphology of die 
newly formed bone, vfhcn possible, the DBM-FG matrix should be made of a 
predetermined shq>e. However, the DBM-FG matrix in liquid form can be 
delivered or injected into an irregulariy shaped defect v^ere it will polymerize 
and encourage bone formation in the DBM-FG-fiUed area. 

Example 12 

The Release of Antibiotics (AB) From FG and Increased 
Longevity of the AB^ Supplemented FG 

Methods 

A. Prepanoion of iheAB-FG 
L TET Free Base 

Three-and-one-half ml of water for injecdon was injected into a vial of 
lyophilized human topical fibrinogen concentrate (TFC), siqyplied by The 
Am e ric a n Red Cross. The pvotein concentradon of the resulting solution was 
ap pr oxim ately 120 mg/Sml. 

Fieeze-dried tfarcmihin concentrate, siqsplied by The American Red 
Qoss^Baxier-Hyland, Inc^ Gleadale, CA, was leconsdtuted 
mM solution ofcalciumcUoride prepared in water for injection. Hie resulting 
solution contained qiproximately 250 U/ml. 

TET-FG was fimnulated by mixing the desired weight of TET with 1 ml 
of reconstituted TFC solution and with 1 ml of reconstituted thrombin solution 
in the presence of irqection quality calcium ddoride (purchased firom American 
Reagent, Shirley, NY). The TET was in iht free base form and was purchased 
from Sigma Chemical Company (St Louis, MO). TheTET-FG was formed by 
mbdng TFC and duoinbin through a Duoflo'™ dispenser (Hamaedics* C A ) onto 



wo 96/17633 



PCT/US9S^lSr76 



*88- 

a MilUpore membrane in a 12 mm diameter MilUpore culture plate G^llipore 
Corporation, Bedford, MA). The mixture was allowed to set for one hour at 
22 ""C. Six mm diameter disks containing the TET-FG and the Millipore 
membrane were cut from the latter using a 6 mm punch biopsy. The TET-FG- 
containing disks were used for the TET release studies. 

The release of TET from the TET-FG into phosphate bufifered saline 
(PBS) or saliva was measured using 24*well cell culture plates (Coming Glass 
Works, Comiiig, NY) under two dififerent sets of conditions. In one condition, 
the static mode, 2 ml of PBS or 0.75 ml of saliva was replaced daily in the 24* 
well cell culture plates. In the other condition, the continuous exchange mode, 
TET release from the TET-FG was measured with PBS having been exchanged 
atarateofapproximatdySmlperday. The samples were stored at -20^ until 
analyzed. The saliva had been collected from 10 dififerent people, had been 
pooled, and clarified by centrifugation at 50(K)g. It was then filtered through a 
0.45 ^m pore sized membrane and was stored at 4*'C for daily use. 

In order to measiure the concentration and biological activity of the TET 
which had been rdeased from the TET-FG disks, the eluted TET was thawed and 
was analyzed spectr oph otomctrically at 320 run and/or biologically by the 
inhibition of £ coli growth on agar plates. To calibrate these assays^ standard 
curves covering TET concentrations of from 0 to 50 and 0 to 500 fig^, 
respectively, were used. 

2. Ciproflaxacm HO (dP)-, AmaxicUlm (AMO)- 
and Meironidazole (MET) Supplemented FC. 

FG containing CIP HCl, AMO or MET were prepared as before for TET. 

To monitor the release of these AB from the corresponding AB-FG into the 

inamediate en vii onm ent, the AB>FG disks were placed in individual wells in a 24« 

well cell culture plate and were covered with 2 ml of PBS that was collected, 

iqdaced daily and stored at -20*C as before, until arudyzed. The concentrations 

of QP, AMO and MET in die ehiates were measured spectrophotometrically at 
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275, 274 and 320 nm, respectively, and were compared to standard curves 
cootaining 0 to 50 ug^ of die corresponding AB. 

B. Structural Integrity of AB-FG 

The maintenance of the structural integrity of the FG and the TET-FG 
disks was estimated by visual observation and physical inspection by "poking" 
the disks with a fine spanila. The porous membrane which had been cut out while 
making the disks remained attached to the TET-FG and was used to fadp position 
the disks during the evaluation oftheir structural integrity. Pictures of top and 
lateral views of the didcs were also taken and were used in the evaluation. 

The structural integrity of FG and TET-FG were measured under both 
sterile and non-sterile conditions. For the non-sterile experiments, die PBS and 
saliva were stored fioaen until analyzed. For die sterile experiments, the same 
procedure was used except timt the entire process was run under sterile 
conditions. The sterilhy of die system was tested by incubating 0.2 ml of sample 
15 and 2 ml of broth at 37«C and die toirbidity of die brodi was monitored for 48 

hours. Lack oftorWdity indicated steriUty of die system. The stabUity of die 
CIP., AMO-, and MET-FG were shidied as above but under non-sterile 
ccmditions only. 

C /« VhroAnlimia^MAeiMtyitfAB Released from AB~FC 
20 "I^antinucitAial activity of the AB released fiom die ^ 

estimated by measuring the diametecs of die zones of iidubition generated by the 
duate fiom the 6mm diameter disks fiom die daUy collected PBS or saUva 
sunoundmg die AB-FG. The ehmtes fiom unsupplemented FG served as 
controls. AB sohitions of known co n centration were used as standards. £ coU 
25 o^uwd on agar plates were used to measure die AB activity of die released TET. 

OP and MET. To make die culnire phoes. 100 nl of die bacterial cell 
suspension, containing approximately 10» cells/ml, was mixed widi 3 ml of top 
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agar at SO^C and immediately poured onto the plate hard, bottom agar to make 
a uniform layer of cells. The plates were incubated at 37^C for 1 8 hours. 

Results 

A TET 

L TET Release Data 

The release of TET from TET-FG disks into the surrounding PBS in the 
"^static" e]q)erinients was measured spectrophotometrically by determining the 
TET concentration achieved in the 2 ml of PBS which was replaced daily. The 
TET concentrations viiiich were obtained for dififerent amounts of TET that had 
been incorporated into TET-FG are shown in Figure 22. At TET concentrations 
in the TET-FG of less than 50 mgAml, the release of TET was completed in five 
daysorkss. However, die release of TET firom TET-FG disks wUdi contained 
TET concentrations of 100 and 200 mg/knl occurred for approximately two 
weeks, and more than three weeks, respectively. The structural integrity of the 
TET-FG disks was preserved for three to five weeks. These results demonstrated 
that die TET rdease was iiidq)endent of the FG degradation and that Ae rate of 
TET release depended on the amount of TET which remained in the TET-FG 
disks. 

The spectrophotometric data which were collected in the continuous 
cxdiange oq)eriment are shown in Figure 23. These data indicate that a 
continuous TET rdease frcmi a TET*FG disk ^cfa c»iginally contained a TET 
concentration of 100 nogMFG occurred over a two week period. TheFGdisk 
retained its structural integri^ during this two wedc period, infra. The TET 
rdease data obtained in Ae continuous mode experiment also indicated that the 
rate of TET release opportunity depended on the concentration of TET ^^ch 
remained in the TET-FG disk. 

While not wishing to be bound by theory, it is believed that die initial 
high TET concentrations observed in these experiments were probably a 
consequence of the diffusion of TET from at or near the disk's surface. That is. 
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15 



as the TET >ppe<r mthese locations was exhaurt^ 
ami/or diffusion decieascd in a fiahion tl« 

TET concemnition gradient and by the shape or configuration of the FG. 

Temperature and FG fvotein concentration also played a role in 
detamming the TET diffiision rate from the TET-FG disks (see Examples 13 and 
14), but these two parameters were kept constant in these experiments. 

The release of TET into saliva fiom TET-FG containing 50 and 

100 mgAnl of TCT was measured in static experiments by determining the TET 
concentiationinOJSnilofsalivathatwasreptaceddaily. These results (Fig. 24) 

are similar to tiiose obtained in PBS except that the concentration of TET was 
higher, most probably reflecting the smaller volume of saliva which was used to 

colh«the«eleasedTCT. In addition. thepresenceoflCT in the 
unexpectedly prolonged the structural imegrity of tiie TCT-FG matrices for at 

least 15dq« compared to tf»«forthecontiDlFG disks which had begun to decay 
by 9 days and were abnost completely decayed by 15 days (Figure 25). 

2. TET Am^auerolma Data 
The amiidiciobialefltoon£eoJIfgRwth of several TET concent 
inPBSareshowninFiguiB26. n»e lowest TCT concentration detectable by this 
method was approximately 5 ng/ml. These resuhs clearly indicate that the 
released TET has antimicrobial activity. These TET data corroborate tiK)se 
obtained by spectrophotometry and indicate that ti» amount of TET incoipoiated 
into the FG determines the TET concentration in the sohition suiroundmg tiw 
TET-FG. Hiese data also demonstrate tiiat tiie amount of TCT in tiie FG can be 

taUonrf to maintain tiie desired TET concentrationinflie medium surioundii«ti^^ 
25 TET-FG at or above tiie minimum desired TET concentration. 

3. TET'FG Matrix Longevity 
The longevity of control FG and AB-FG disks was evaluated by visual 
assessmem of tiie disks. The porous membrane, cm during tiie making of tiie 
disks, remained attached to tiie FG and helped to position tiie disks during tiieir 
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integrity evaluation. Top views ofdisks containing no TET(controk^^ 
100mgofTETpcrnilofFGareshovrainFigure25atdaysO,9andl5. This 
figure shows typical iesults» namely, the FG ccmtrol disks were d^raded within 
two wedcs yAtaeas the TET-FG disks remained mtact, or nearly so. for 1 S dsys. 
In additional esqmiments TET-FG disks renuuned intact or nearly so for at least 
five weeks (date not shown). No significant change in the FG longevity was 
observed between sterile and non-sterile TET release experiments. 

B. CIPpAMO and AfET Data 

L OP, AMO and MET Release Data 

The antibiotic released ftom CIP-, AMO- and MET-FG is shown in 
Figure 27. CIP was rdeased at an apparent constant rate for sqpproximateiy 4 
weeks and then tte rate decreased gradually for approxhnately one more week. 
The release of AMO and MET was complete within 3 days. 

Z CIP and MET Andbaclerial Activity 
The antimicrobial activity of released CIP and MET (data not shown) 
parallels the profites determined qpectrophotometrically for identical AB-FG 
disks. 

3. S^^ememed-FG Matrix Longevity 
TheresuhsfbrCIP-FGweresimihfftothosefor TET-FG. Theresuhsfor 
AMO- and MET4^G wen sinular to diose obtuned for the FG oontt^ No 
significant change in tiie FG Icmgevity was observed between sterile and non- 
sterile experiments. 

Diseasskm 

The resuhs demcmstrated that poorly water soluble forms of CIP and TE^ 
provide a comlnnation of feciors that increase significantly the maximum AB 
load, release period and longevity of the FG matrix into which they are mixed. 
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Altematively, the FG disks can be stabilized by immersing them in solutions of 
AB such as TET or CIP. 

The results also clearly showed that the AB delivered by AB-FG 
preserved its andmicrobial activity as demonstrated by the inhibition off. coli 
5 growth. These results demonstrated that 71ET and CIP siq)pIementation of FG 

and other TS can overcome the degradation of FG as a limiting factor in drug 
delivery therefirom. That is these ABs stabilized the FG so that their release 
periods and the released AB concentrations can be controlled using AB 
concentrations in the FG. Using these procedures TET and CIP can be loaded 
10 into FG and their release can be controlled for a period of days or weeks at 

effective antimicrobial concentrations. 

The TET- and CIP-hiduced FG stabilization can be c3q>loited for 
Gontrollii^ the total release time not <mly for tfiese ABs, but also for other drugs 
or "sqqplements" added to FG whose release rate and/or total release duration 
15 depends on the integrity of the FG matrix. 

These results have clinical ^plications in periodontal and other 
conditions where FG can serve as a localized drug delivery system. TheTET-or 
CIP- induced FG stabilization can be e)q>loited for controlling the total release 

tinie of TET, CIP and other dnigs or supplements which have been added to the 
20 TET-FG or CIP-FG matrices. 

Examplel3 

Effect of Tempenture on the 
TET Release Rate from TETSupplemented FG 

FG was supplemented with SO mg/ml of TET firee base and was shaped 
25 as6x23mmdidcsforthisstucfy. The protein concentration ofFG was adjusted 

to60mgteiL Thedisks were |daced in 2 ml of PBS, pH 73 and were allowed to 
stand at 4, 23 and 37''C. To wadi the disks, the PBS was replaced ever\ 
10 minutes, 6 times, with 2 ml of fresh PBS. Thereafter the PBS was replaced 
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every hour for 4 hours. The TET concentradons in the collected samples ivere 
detennined spectrophotometrically against a standard curve as before. 

Jt£f iiftf and Conclusions 

The results demonstrated that die rate of TET release was proportional to 
the temperature (Figure 28). 

Example 14 

Effect of FG Protein Concentration 
on the TET Release Rale from TETSnpplemented FG 

FG supplemented with 1 mg/ml of TET HCl solution was prepared and 
was diq)ed as 6x23 mm disks for tills study. The protein concentration of the 
FG was adjusted to 60, 30 and IS mg^. Each disk was placed in 3 ml of 
distilled water. The water was replaced with the same volume of water every 10 
minutes for a total of one hour. The TET concentration in the collected samples 
was detennined spectrophotometrically against a standard curve as before. 

The data (Figure 29) show that the TET rdease rate was Ugliest fi^ 
FG with the lowest total protein concentration and vice versa. That is^ the TET 
rdease rate was inversely proportional to the FG protein concentradon. 

Example 15 

In Vivo Antimicrobial Activity of 
AB Released from ABSupplemented FG 

To test the andinicrobial activity of TET and CIP released firom TET- and 
CaP«FG» die c^iaciQr of these AB^siqiplemeQled FGs to protect mice fiom 
induced pcritoidtis was evahnted. Experimentally, at day 1, each one of 5 
animals per group were injected intRq)eritoneally mih 0.S ml PBS (Group-!), FG 
((jroup-n), TET-FG (Gioup-III) or CIP-FG (Group IV). FG and AB-FG was 
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administered using a Hamaedics diq)enser containing 0^ ml of TFC at 
120mg/Mand02SnUofliumantbn»nbinat2S0U^ In the case of lET- and 
aP-FG, tiie tfaromlMn soIuticHi contained 50 mg of Ae ieq)ective AB. At day 2, 
aU the animals were injected intrapcritoneally with 2xl0» (Experiment I)or4xl0* 
(Expoiment 2) colony fonning miits (cfii) of S. aureus 202A. Results: 
(Experiment 1, Experiment 2. Animals surviving at 48 hours after infection): 
Groiq) 1, 0 and 1 survivors; Group II, 3 and 1 ; Group III, 3 and 5; and Group IV, 
5 and 4 survivors. Most survivors lived through the duration of the experiment 
(2 weeks) but some died or were intentionally killed because tfiey were sick. 

These data denxmsinted that TET-FG and QP-FG protected mice fiom 
death caused by S aureaus 202A for at least 48 houis after the administration of 
the AB-siqjplemented FG. 

Example 16 

Long Term Site-Directed Delivery of 
Cytotoxic/Antiproliferative Drugs from FG 

The fibrinogen was sohihilized with sterile water or, for one group with 
watersaniiatedwith5-FUataconcentnttionofl7mg/inl. Thrombin solutions 
were made with sterile water, and then were dUuted in 40 mM CaQj to a 

concentration of 15 U^d. or Thrombin was disscdved in 40 inM CaCI] saturated 
witfi 5-FU in a ooooentntion of 17 mgM. 

Control FG dots did not oomain 5-FU and were produced by mixing 200 
Ml of TFC solution (at 60 mg/knl) with 200 |il of Ttomnbin solution (at 15 U/ml) 
and allowing 20 minutes U> polymerize. These clots were made in 12 by 75 mm 
test tubes and then were placed in 1 0 mis of 0.05 M Histidine, 0. 1 5 M NaCl, pH 
7 J (Buffer). 

FG dots containing saturated levels of liquid 5-FU were produced b>' 
mixmg 200 |U of TFC (60 mgAnl + 17 mg/ml 5-FU) with 200 ^1 Thrombin 
solution (15 U/inl + 17 mg/knl 5-FU) and aUowing 20 minutes for the clots to 
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fully polymerize. The addition of satuxaled levels of 5-FU in both the TFC and 
Thrombin solutions somev^ altered clot fonnation producing a clot that was 
translucent, as compared to the control FG clots whidi were quite opaque. The 
clots that were formed were physi<»lly the same as those made with FG alone 
5 except in color. Clots vwroforincd in 12 by 75 mm test tubes and then placed in 

lOmlofbufifer. 

A second group of FG dots were made that contained an amount of solid 
anhydrous 5-FU equal to the amount included in clots formed with saturated 
solutions of 5-FU. These clots were formed by the addition of 7 mg of solid 
10 anhydrous 5-FU to 200 \il of TFC (60 mg^) and 200 ^l of Thrombin (15 Uitol). 

Sevenmgof5-FUwasptaccdinal2by75mmtesttube. Two hundred fU of 
TFC was then added followed by 200^1 of Thrombm. The 3 components were 
then inbcsd by pipetdng bade and foift undl a hcmiogenous ni^^ 
and further ixiixing was inhibited due to the clottiiig reaction. Clots were dien 
15 placed in 1 0 ml of histidine buffer. 

The final group contained 50 mg of solid anhydrous 5-FU per clot. Due 
to the increased mass of 5-FU (50 mg instead of 7 mg) the previously used 
method did not woric Iiisteadofproducing a homogenous clot, a clot was forined 
with the majority of the 5-FU having settled to the bottom of the test tube. To 
20 avoid tfiis problem the bottom oftfae test tube was first coated with lOO^iofTFC 

(60mg/ml)andlOOMlofTfaiambin(15U/mlX Hiis formed a dot which ooveied 
the concave bottom ofthe test tube. Next, 50 mg of solid anhydrous 5-FU was 
added to the suffice oftfae 200 (d dot Following this, 100 fil of TFC was added 
along with 100 ^1 of TfaromUn. The two solutions were mixed uang an 
25 automatic pipettor until the protein started to gel. When this occimed, the 

pipetting was ended and the clot was aUowed to polymerize for 20 rninules. The 
fmdjTOduct was a clot that contained a dense core of qjproxu^^ mgof 
5-FU. As with the other ckrts, these were then placed in 10 mis of buffer. The 
final total proton concentration of the FG in all groups was 30 mg/ml. 
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Each groiqi contained 10 lepUcates. Each diqilicate was incubated at 
37"C in 10 mis of buffer. Buffer was «cchanged for 10 mis of fiesh solution at 
S, 10, 22, 33, 52, 75 and 1 14 hours. Aliquots of Ae duate buffer woe iben 
examined in a spectrophotometer at a wavelength setting of 260 nm. Previous 
experiments had demonstrated that 5-FU absorbed strongly at this wavelength, 
^le eluates from control FG clots did not. 

The results are shown in Figure 30. Control clots containing no 5-FU 
gave no significant readings. Clots made with 7 mg of 5-FU either in the form 
of saturated solutions of 5-FU or an equivalem amount of solid anhydrous 5-FU 
comply Aeir ddiveiy of 5-FU between 5 to 10 hours, while the clots 
containing 50 mg of solid anhydrous 5-FU continued to deliver 5-FU for at least 
75 hours. Peak levds mall cases occurred at the 5 hour time point 

While not wishing to be bound by theory, it is beUeved that the duration 
of 5-FU deUvoy appeared to be a fimction of the mass of 5-FU loaded into the 
gcL As a result, the amount of 5-FU deliverable from the clots containing 5-FU 
in solution was limited by the solubility of the drug. Thus the inclusion of 
amounts of solid anhydrous ibnn equal to die amount present in the clots formed 
from liquid sadirated widi 5-FU resulted in neariy identical delivery kinetics, 
while the inclusion of greater amounts of 5-FU in the solid form than were 
possible uang die liquid form, vesuhed in a tripling of die total duration of 
delivery, and typically a 10-fold increase in die duradon of delivery of a given 
oo n cc mm i on Qfdiedn^ It wmdd be esqiecteddiat the indusion of still greater 
amounts of die solid anhydrous 5-FU would also result in even greater delivery- 
times. In odKrexpeiiments, it has been found diat die amount of 5-FU included 
in die dots can be increased at least 5-fold and probably higher, and diat die 
5-FU-FG mixture can also be formulated into an injectable form (data not 
diown). It would fimher be expected diat die use ofan analog or odier form of 
5-FU diat was less soluble in the surrounding aqueous medium than the 
anhydrous form, and/or had a slower dissolution rate, would result in a forther 
increase in delivery times. 
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Hie result of tiiis process is a sustainable delivery of the 
aiilipioliferBtive/cytotoxicdnigS-FUfiom fibrin dots lOtimes longer . 

than is possible using the drug in die aqueous form. This technology (i.e., the use 
of a solid form of the drug, preferably one with a low solubility and/or dissolution 
rate) should be generally applicable regardless of the matrix in which the drug 
particles are suspended, or the drug itself. 

Example 17 

Fibroblast Chemotaxis in Re^onse to Fibroblast Growth 
FactorSupplemented FG and Fibronectin 

Materials A Methods 

Materials 

Dulbecco's Modified Eagle's Medium (DMEM) was purchased fiom 
Sigma Chemical Co., St Louis, MO. Aixtibiotic-Antimycotic solution was 
purchased from GIBCO (Grand Island, N.Y.). Recombinant fibroblast growth 
factor-1 (FGF-1) and -4 (FGF-4) were a kind gift of Reginald Kidd, Plasma 
Derivatives Laboratory, American Red Cross, Rodcville, MD, and Genetics 
Institute (Cambridge, MAX respectively. Recombinant fibroblast gzowdifiictor-2 
(FGF-2, also known as basic FGF ot bFGF) was purchased fiom Upstate 
Biotechnology, Inc. (Lake Placid, NY) All plastic ware required for sterile 
propagation of cultures as wdl as the chemotaxis assays were purchased from 
Fisfaer Scientific (NewaricDE)* Millicdl-ICF (12.0 ^m) inserts were purchased 
fiom Millipore, Inc. (Bedford, MA). Heparin was obtained fiom the UpJohn 
ConQNmy (Kalamazoo, MI). 

(MlCuliure 

NIH/3T3 fibroblasts at passage 126 were purchased firom the American 
Type Culture Collection, Rodcville* MD. Cultures from passages 129-133 were 
used in the chemotaxis assays. Cultures were propagated in DMEM 
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suRplememed whh l(mCatfsenimandivpioxi^ 1% antibiotic amimycotic 
solutioa Huniandennalfihioblasts(HDFs)«wpuichasedfom^^ 
(San Diego, CA) at passage. 2. Cultures from passages 3-5 were used in the 
chemotaxis assays. Cultures M«e cultivated in DMEM supplemented with 2()o/, 
FBS (Hyctone Laboratories. Inc.. Logan. UT) and approximately 1% antibiotic 
antimycotic solution (Gibco, Grand Island, N.Y.). 

Cell Chemotaxis Assays 

The procedure used to detennine cellular chemotaxis was a combination 
oftwo known methodologies. A modification of Boyden's chamber was used as 
follows: MUUcell-PCF (Millipore. Inc., Bedfoid, MA) (12.0 ^m) 12.0 mm 

diameter inserts were placed in indwidual weUs of 24 well ptotes to create ti« 
upper and lower chemotaxis chambers. Chemotaxis results were arrived at by 
perfimning checkerboard analysis for every combination of cells and growth 
fiwJtors. Concentrations ranging from .1. 1, 10. 100 ng/ml withAviUwut added 
heparin (10 U/inl) were used for FGF-l, FGF.2 (no heparin) and FGF-4 with all 
the cell types mentioned in the materials section. Briefly, cultures were 
trypsinized and pfaKxd in DMEM + 0. 1 94 Bovine Serum Albumin (BSA) (Sigma 
Chemical Co.. St Louis. MO) for approxunately one hour at 37»C in a 5% Ca 

humidified chamber. Two to 2 J X 1 0» cells m 50 Ml were added per insert to the' 
upper chamber of ti« setup of ti« 24 wcU plates. Treataients were added as 
mentioned above. TT« assay was kept at 37'C in a 5% CO, humidified chamber 
fi>r4hours. AU combinations tested woe perfiamed in triplicate. Attheendof 

4 hours, the ptetes were removed fitan the incubator and die filters were snrined 
following Hat protocol for stiuning included with the MUlicdl-PCF inserts. 
Briefly, the fluid surrounding the inside and outside of tiie MiUicell-PCF inserts 
v«s removed. Three pereent ghitaraldehyde (Sigma Chemical Co.. St Louis. 
MO) was added to the outside and inside of die inserts for approxunately 20 
minutes. FoHowing removal of the 3.0% glutaialdehydc, 0.5% Triton X-100 
(EJ^ Science, Cherry HULNJ.) was added for 5-7 minutes. On removal of die 
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0.5% Triton X-100, Fisher's Hematoxylin Solution Gill's Fonnulation (Fisher 
Sdentific»Newaik»DE)No.l ^vas added forabout lOmxnutes. This solution was 
washed off in running distilled water for about 5 minutes. Using a cotton swab 
the i^>per side of d)e filter was swabbed to remove cells which had not migrated. 
5 Filters were mounted lower ade facing up on slides in Crystal Mount~ (Biomeda, 

lnc.» Foster City, CA) solution and 1 0 random fields were counted per slide both 
visually at 400 x and at 200 x using an Image Analyzing System to automate the 
enumeration of the cells on the underside of the filters. 

Checkei^aard Analysis 

AsrequiredyCfacckeiboaidanaly^was carried out to detennine random 
migration, and positive and n^ative chemotaxis. Growth factors were added to 
the iq)per and/or lower chambers to observe vAiether cdls nugrated t 
OF alone (cfaemotaxisX whether migradon was random nrespective of whether 
the growth factor was added to the upper or lower well (chemoldnesis) or whether 
cell migration was against the chemotactic gradient (negative chemotaxis). 

Cell Miration Assay to FGF Released From EG 

Chemotaxis diambers and cells were utilized as described above. Fifty 
l&i of 8 mgtel Topical Fibrinogen Complex (TFC, American Red Cross, 
RodcviUe» MD) was added to the bottom of 24 well plates. Forty pi of test 
20 growdi factw 47* bqparin at a final concentration of 1 0 U/ml (FGF-1 , FGF-4 with 

liqwiD»FGF-2 alone) was added to the TFC and thoroughly mixed. Teniilof 
bovine Thrombin (Annour nunnaoeudcal Company, Kankakee, IL) was added 
and mixed AoTQUghly. The cmi^xnients were allowed to gel at room temperature 
for ^qnoximatdy 30 minutes. Total volume in the lower 
25 and upper chambers was made iq) to O.Sinl each wiADMEM + 0.1% BSA. The 

concentradon of die FGFs added to the TFC was adjusted to produce the desired 
overall concentration as determined by : 
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Overall FGF Concentration = mg of FGF added tn jfQ 

Volume of liquid in upper chamber 
Volume of FG & liquid in lower chamber 

The assay was performed at 37''C in a 5%C02 humidified chamber for 
approximately 24 hours. At the end of24 hours, the filters were removed, fixed 
and stained and the number of cells on the underside of the filter was enumerated 
as described above. 

Results 

CupaeUyfor Migroiion o/FibnUasts 

The ability of NIH 3T3 fihobhsts to migrate towards various well known 
chemotactic agents was determined to ensure that the cells used in this assay 
retained this capacity. Fiteonectin was the most effective chemotactic agent 
tested for both NIH 3T3 and HDFs with maximal responses occurring at 20 fxg/ml 
(Figure 31, Table 7). Thereafter, fifaronecttn at 20 ^g/ml was used as the positive 
control for migration. 

Ckemamxis 0/NIHST3 FWnblasis Tmmrds FCF-l 

Maximum stimuladon of migration ofNIH3T3 fibroblasts by FGF-1 was 
observed at 10 ngM in tfie picseooe of 10 U/ml of heparin (Figure 32). 
Checkaboanl analysis revealed that FGF-I was chemotactic for NIH 3T3 cells 
(Tables). 

CkenMaxis ofNIH3T3 FibroMasts Towards FGF-2 

Maximum sdmulation of migration ofNIH 3T3 fibroblasts by FGF-2 was 
observed at lng/mlofFGF-2 (Figure 33). Checkerboard analysis showed that 
FGF-2 was chemotactic for NIH 3T3 cells (data not shown). 
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Chemoiaxis ofNIH3T3 Fibrobiasis Towards FGF^ 
Maximum stunuladon of migration of NIH 3T3 fito)blasts by FGF-4 was 
observed at 10 ng^ (Figure 34). Checkerboard analysis revealed that FGF-4 
was chemotactic for NIH 3T3 cells (data not shown). 

Chemolaxh ofHDFs Towards FGF-t 

Maximum stimulation of migration of HDFs by FGF-1 was observed 
from 1 to 10 ng/ml (Figure 35). Checkerboard analysis showed that FGF-I was 
chemotactic for HDFs (Table 9). 

Chemoiaxis ofHDFs Towards FGF-2 

Maximum stimulation of migration ofHDFs by FGF-2 was observed at 
10 ng^ (Figure 36). Checkerboard analysis revealed that FGF-2 was 
chemotactic for HDFs (data not shown). 

Chemoiaxis ofHDFs Towards FGF'4 

Maximum stimulation of migration ofHDFs by FGF-4 was observed at 
10 ng^il (Figure 37). Checkerboard analysis showed that FGF-4 was 
chemotactic for HDFs (data not shown). 

Hiomm Dermal FibroUast Miration to FGF-l, -2 and^lncorporaud in FG 

Maximal migratoiy icqponse to FGF leloued frcmi FG was eUdted 
incorpcmtted and total concentration of FGF-4 in FG of 1 ngAnl (Figure 38). 
Similar results were also found when FGF-1 and FGF-2 were incorporated imo 
the FG (data not shown) except that the concientration of FGF-2 that elicited the 
peak dmnotactic refuse was 0.01 mg/ml. 
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Table? 


Conccntnoon 
of FilmmecoD 
In Lower 


Concemration of lubnmectio In Upper 






lOMg/ml 


20 


1 50M8/nU 




48.53 +/. 
4.695 


62.3 -f A 
3.269 


69.6+/- 
12.25 


62.0+/. 1 
2.616 


lO^g/ml 


68.05 ^-A . 
10.793 


47.53 +/- 
5.605 


64.86 +A 
7.961 


74.66 +/- 
3.946 


1 20fig/inl 


90.53 +/. 
5.203 


88.73 +/- 
4.152 


56.9 +/. 
3.289 


76.23 +/- 
1.8190 


1 50Mg/iii] 


72.43 +/. 
8.276 


91.3 +/. 
1.003 


63.26 +/- 
3.835 


57.46 +/- 1 
2.287 1 



10 



15 





TaUe8 


D of FGF-Iln 

1 Lower 

I Con^minieni 






Onghttl 




5ng/ml 


lOng/ml 


1 Opg/ml 


32.1 +/- 
6328 


53.93 +/- 
4.1^ 


27.27 +/. 
3.873 


25.96 +A 1 
4.151 fl 


1 Iqg/knl 


59.46 +/- 
6.89 


36.9 +/- 
5.728 


22.1 +/. 
9.232 


35.86 +A 
2.074 


5qg/nd 


64.867 +/> 
L75 


41.44 +/. 
1.866 


24.84 +/- 
4.337 


41.6 +A 
6.717 


lOng/iml 


70.83 +/. 
2.752 


39,73 +/. 
Z«28 


39.73 +/- 


41.83 +A 

^£IL^ 
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Discimion 

The FGFs produced a profound chcmotactic response in HDFs. For eveiy 
chcmotactic assay performed with HDFs, a very good distinction was obtained between 
the negative control and the concentration of FGF which elicited a maximal migratory 
response: 18, 12 and 10 fold in response to FGF-1, -2 and -4, respectively. 

The stimulation of chemotaxis by growth fictws was not as high for NIH 3T3 
cells as it was for HDFs, possibly due to the high passage number of the avaihible stock 

cultures of the NIH 3T3 cells as compared to the HDFs. 

FGF-I, FGF-2 and FGF-4 were found to be potent stimuhdots of fibrobhist 
chemotaxis. Directed migration of fibrobhists by one or a combination of the above 
growth fiKtors could resuh in fibrobhist presence in the site of injury, thereby leading 
to fihrophsia and the laying down ofcollagen and an extracellular matrix. Thus,a!ride 
fiom ifs weU recognized angiogenic properties, FGPs may have a role in wound 
healing, acting either alone or in a comtnnation with PDGF, IGF-I. TGF-p and/or other 
&ctors. 

Previous sdidies into the use of FGFs to speed wound healiqg have not yielded 
significant results (Carter e/ a/.. 1988). Hus may be due to a requirement for the 
prolonged exposure of cdls to the fiictoiswvnwfcrainaximal response (I^ 
CellXeguL 2:719-726 (1991) and Rusnatiefoi, J. CelLPhysioL 75^:152-161 (1993)). 
Unfortunately, it is difiBcuh to deUver growth fiuaors to wounds for such long time 
pedods under coiiditioiis that would not interfere with the healing process. 

"Hk present invention of incorpoiBting FGFs into FG allows for the prolonged 
exposure of ceUslo the FGFs and can be appHed to a wound. The resultmg fibrin 
coatu^mhnics the natural response to tissue injury, while delivering the growth factor 
directly to the wound site. In a previous study by the present inventors, FG which 

contained FGF-1 was used to line artificial vascular grafts (Example 8, herein). When 
these grafts were placed into flie vessels ofrabbits. the FGF-1 was released for a period 
of up to 28 days. In fimher studies involving canine grafts, the effect of the 
incorporation of FGF-1 into the graft walls was the total endothelialization of the 
artificial grafts within the same period (Greisler et aL Surgery J 72:244-255 (1992)). 
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Thus. this form of q>plication elicits a profound biological effect in vivo. The 
fibroblasts are attracted towards FGF released from Fa Hiis property will be useful 
in treating wounds with GF-supplemented TS» 

Example 18 

Site-Directed Angiogenesis Using TS to Deliver Angiogenic 

Substances 

This embodiment pmnits the directed generation of new blood vessels in a 
controlled manner within the body. In this embodiment, the TS contains and delivers 
angiogenic substances, such as Fibroblast Growdi Factor-1 (FGF-1), in an amount such 
that its concentration wUcfa is released fiiHn tiie supplemented TS is efifective to induce 
angiogenesis. 

This embodiment is used in a controlled manner to revasculaxize body areas 
^ch have been deprived of an adequate blood sapply such as cardiac, brain and 
muscle tissue, and the redna. This embodiment is used to restore or improve circulation 
to inq>lanted organs or re-attached limbs. This embodimmt can be used to generate a 
vascular netwrnkOT'^vascular bed" for the generation ofartificial organs or organoids, 
the delivciy and/or localization of and/or nourishment of cells used in gene therspy, or 
as a target of gene theRq;yy, for the nourishment and/or localization of cells for tissue 
augmentation. This embodiment also precludes die necessity of implantation of a 
drvicc or aibstmcf whiA may induce a forrign body or other excessive infla mm atory 
reacticm wUdi could compromise die blood vessel foxnution or the function of die 
underlying organ(s). 

Hie invention consists of a fonnulation of fibrinogen, (suitable for the formation 
of fibrin) with or witiiout fibronectin and/or collagen, into which is placed an 
apprqsriate concentration of an angiogenic substance, such as FGF-1 . The fibrinogen 
rnyy ^'^wtmn gteWfam to protect against the proteolytic activity of Thrombin. In 
the case of FGF-1, heparin sulfetc (1-1000 U/ml) may be used as 
range of ccmccntration of from 1 ng/ml to 1 mg/ml. Alternatively die angiogenic 
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substance is contained, in an appropri ate concentration, in the thrombin, calcium, or 
water components. This foimation is then mixed with thrombin and rapidly applied 
within the body in a line connecting the desired sites, or to a single site. The 
fibrinogen-thrombin mix then polymerizes to fimn FG. The FGF-1 , or other angiogenic 
5 substance, remains trapped in the FG matrix, either as a firee form or bound to the 

^hn?"^ or another component of the mixture. In one embodiment, the concentration 
of the FGF-I in the TS should be from 0.1 ng/mi to 1 mg/ml, more preferably from 1 
ng/ml to 100 ^g/ml, most preferably from 100 ng^il to 10 ^g/mi. The FGF-1, or other 
angiogenic substance, will induce blood vessel foraoation within the body of the 
10 deposited FG. The FG will be naturally biodegraded leaving the intact blood vessel(s). 

Example 19 
Site^Directed Cartilage Induction 

This embodiment pemoits the controlled generation of new cartilage as well as 
the guided regeneraiioQ of damaged cartilage within the body. In this embodiment the 

15 TS ccmtains and delivers a cartil^ pmnoling fiictor(s), such as cartilage-inducing 

&aors-A and/or -B (CIF-A and CIF*B, respectively, which axe also known as TGF-B, 
and TGF-B2, reflectively) and/or another, &ct0r(s) such as Qsteoid-Inducing Factor 
(OIF) in an amount such that the concentration of the inducing fiictox(s) which is 
released from the sgylemcntedTS is effective to induce cartil^ Inone 

20 embodiment fee concentration of Ae inducing factors should be 0.1 ng^to 1 mg/ml, 

more preferably from 1 ng/ml to 500 ng/mU most preferably from 100 to 250 ng/ml. 
This embodiment may also contain dmgs, such as antibiotics, and other growth factors, 
such as EGF, PDGF, and bFGF in the TS. The cartilage inducing substance is 
contained in an appropriate concentration in fee fibrinogen or thrombin or calcium or 

25 water conq)onent(s)i^ch are used to prepare the TS. 

The siqjplemetited TS can cifeer be pft^sbaped to the de 
prior to inqilantation or it can be implanted into the body of fee recipient in fee liquid 
form as the TS is mixed and polymerizes. The resulting form may feen be sculpted as 
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desired to produce the required sh^ of ca^ The Cartilage Inducing TS 

(CI-TS) mixture can also be used to precoat a conventional implant, with the result 
being a conventional in^>lant with a coating of living cartilage. 

Using any of die techniques described above, the CI-TS is then implanted into 
the body of the recipient This implantation can be heterotopic or orthotopic. After an 
qjpropriatc interval, die CI-TS is be rq>Iaced by living cartilage with the form of the 
original CI-TS implant. 

Such unplants can be used to replace damaged or lost cartilage, or to in^irove 
the tissue integraticMi and/or function of an artificial implant Exanq>les of such uses 
include the replacement or reconstruction of nasal or ear tissue, the generation of a 
functional joint sur&ce on a bone implant grown in vivo, or the generation of a similar 
surface on an aitifidal implant The rqiairofcartilage damaged by disease, such as 
rheumatoid arthritis, can also be accomplished using the CI-TS to produce a new and 
smooth cartilage suffice to the ardius. tamtams intended for space fUling plications 
in Plastic^Reconstructive surgwy can also be either formed from CI-TS, or coated with 
CI-TS to enhance tissue integration and reduce foreign body reactions. 

Since cunnent technology does not pennit die guided regeneration of cartilage, 
tiiis invention is an advancement because it permits the generation of cartilaginous 
tissue ^ch is required to fully mimic the body's natural make-up. This results in 
improved joint rqnir, artifidal joints and other inq>lants, botii for orthopedic and otiier 
qiplications. 

For example, tfiis embodiment can be used: to produce improved orthopedic 
in^lams or improved pbsdc/reconstructiveinqplants: forjoint repair for traumatic^ 
congenital or pathologically damaged or dysfunctional cartilage; to produce coatings 
of pacemaker impl a nt s and wires to increase their tissue integration and to reduce 
foreign body reactions. Similar coatings could also be q>plied to any implantable 
device for the similar purposes. 
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Example 20 
Self-Contained, TS Wound Dressing 

This embodiment is a self-contained TS wound dressing, or bandage, which 
contains botfi the thrombin and fibrinogen components of the FG. The calcium is 
contained in eiAer the tiuomlnn and/or the fibrinogen c^ Either or both of 

Ac thrombin or fibrinogen compone/ts can be, but does not have to be, supplemented 
with a growth fi»tor(s), such as a FGF bFGF, or a drug(s) such as, an analgesic, 
andbiolic or other dnig(s), whidi ca/ inhibit infection, promote wound healing and/or 
inhibit scar formation* The supplement(s) is at a concentration in the TS such that it 
will be efifective for its intended purpose, e.g^ an antibiotic will inhibit the growth of 
microbes, an analgesic will relieve pain. 

The tfarcMnbin and fibrinogen are separated from each other by an impermeable 
membrane, and the pair are covered with another such membrane. The thrombin and 
fibrinogen are contained in a quick evq)OFating gel (e.g., methylcellulose/alcohol/ 
water). The bandage may be coated on the surface that is in contact with the gel in 
order to insure thai tegri pad nmudns in place during use. (See Figure 39). 

In operaticm,tiie membrane sqnratii^ the two compoimts is remov^ 
the two components to mix. The outer membrane is then removed and the bandage is 
applied to the wound site. The action of the thrombin and other c(»nponents of the 
fibrinogen preparalion cause the conversion of the fibrinogen to fibriii» ^ 
widianyapidicationofFS. This results in a natural inhibition ofblood and fluid loss 
firom tfie wound, and the establishment of a natural barrier to infection. 

In a similar embodiment, the tiurombin component and the plastic film 
sqnrating the Thrombin gdaiid the Fibrinogen gel inay be oniitted. The calcium that 
was previously in die Thrombin gel may or may not be included in the Fibrinogen gel 
asdesircd. In operation, the outer inq)ervious plastic fihn is removed and the bandage 
applied, as previoiidy described, directly to the wound site. The Thnnnbin and calcium 
naturally present at ttie wound site then induce the conversion of fibrinogen to fibrin 
and inhibh blood and fluid loss firom the wound as above. This embodimem has the 
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advantage of being simpler, cheaper, and easier to produce. However, there may be 
circumstances in wfaidi a patient's wounds have insufiScient thrombin. In those cases, 
the previous embodiment of the invention should be used. 

This embodiment is an advancement over the current technology as it permits 
5 the tapid application of TS to a wound witfaoiit the time delay associated with 

solubilization and mixing of the components. It also requires no technical knowledge 
or skill to operate. These characteristics make it ideal for use in fieklqjplications, such 
as in trauma packs fot soldiers, rescue workers, ambulance/paramedic teams, firemen, 
in first aid kits for the general public, and by emogency room personnel in hospitals. 
10 A small version mity also be usefiil for use by the general public. 

Example 21 

Supplemented TS as a Surface Coating for Biomaterials 

This embodiment uses supplemented TS as a coating for die surfaces of 
orthopedic devices and other biomaterials which are to be implflntffd into an animal's 

15 body. Examples of tiiesc devices are urinary catheters, in tr a va s cuhg catheters, sutures, 

vascular prostheses, intraocular lenses, contact lenses, heart valves, shoulder/dbow/hip/ 
knee rqdacement devices, total arttfidalhearts» etc. Unfortunately, these biomaterials 
may become sites for bacterial adhesion and colonizaticm, i^ch eventually may lead 
ID clinical infecdonAat will endanger die life of the animal. To minimize this problem. 

20 ^ biomaterial is coated with a siq>plemented TS. 

In this embodiment the TS can be supplemented with: a growth factor<s); a 
drug(sX such as an antibiotic; BMP; and/or cultured cells, etc. Examples of antibiotics 
that may be incorpcxrated into the TS inchide, but are not limited to: the penicillins; 
c q iha loii^ iorin^ tetraq^dines; cfaloranqihenicols; metrraidazoles; and aminoglycosides. 

25 Exaiqdesofgrowtfi factors iniiicfa may be inoorpoiated into 

limited to FGF,PDGF,tGF-p. Exan^es of BNfPs which may be mcorporated imo 
the TS include, but are not limited to, BMP 1 through 8. DBM can also be added to the 
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TS. Examples of cultured cells which may be incoiporated into the TS include, but are 
not limited to, endothelial cells, osteoblasts, fibroblasts, etc. 

The supp]ement(s) may be contained in either the thrombin, fibrinogen, calcium 
orwatercompQnent(s). The concentration of the supplement in the TS is adequate such 
that it will be effective for its intended purpose, e.g., an antibiotic will inhibit the 
growth of microbes on the biomaterial, a growth fector will induce the growth of the 
desired cell type(s) in the TS and/or on the su&ce of the biomaterial 

This invention is an inqirovement for existing biomaterial products, which 
include titanium and titanium aUoy devices (such as fixation phttes, sbouldei/elbow/hip/ 
knee replacement devices, osseoiniegrated dental implants, etc), solid silicone products 
(such as Sihtttic nasal implants, liquid and/or gel siUcone products (such as breast 
implants and tesdcuhv implams). and natural or synthetic polymers used as 
conventional maieriab in healii« a wound site, which may h^^^ 
monofihmients. fibrous assembUes (such as cotton, paper, nonwoven fiibrics), fihns, 
sponges, bags, etc. 

FG is produced fiom 3 components: fibrinogen (for example as TFC); and 
thrombin, both of which may be in the lyophilizcd forai; as well as calcium. The 
lyophilized fibrinogen is reconstituted widi sterile water, wfaUe the thrombin component 
breconstinitedwidicahaum chloride sohition. A supplement may be added to any of 
the three components prior to mixing. Appropriate vohnnes of the fibrinogen and 
thrombin amtamingcafcium are mwed to produce the FG. The FG is then jqjpUed to 
the KoinateriaPs swfece i a ccwting thereof as. for exannile, by s|aa^ 
Ahemrtivebr. theimphmtisdvped in theFGwUteitisstlU liquid. A supplement may 
alsobeaddedtotheFGbeforeoraflerhhasbeencoalcdonabiomaterial surface. For 
instance, a FG-coated implant is soaked in an antibiotic solution for a specified period 
of time so that the antibiotic wiU difiuse into the TS. Another example is coating a 
device witii TS after which cultured cells are seeded onto the fibrin coating. Coating 

the suifece of biomaterials, which win be m^ted into an animal, with supplemented 
TS wfll serve several purposes, inchiding: die inhibition of bacterial adhesion to the 
biomaterial; the inhibition of growdi of bacteria adhered to die bionutterial: local 
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inunune stimulation and/or nonnalizadon; the promotioii of would healing; and tfie 
promotion of engiafiment of the bionutterial to fbe suirounding tissue. 

Example 22 

Addkional Self-Contained, TS Wound Dressings 

The TSs m;^ be fonnulated as a self-contained wound dressing, <»r fibrin sealant 
bandage, M*ich contains the necessary tfmnnlnn and fibrinogen compoaans of Ae FG. 
The self-contained dressing or bandage is easy-to-use, requiring no advanced technical 
knowledge or skill to operate. 

The Fibrin SeaUmtBmdage 

The present inventcHS have prepared a fibrin sealant bandage for {qn>lying a 
tissue «M-iine conqwation to wounded tissue in a patient, wherdn the bandage 
conqirises, in oider. (1) an occlusive backing; a pharmacologically-accqjtable 
adhesive 1^ on the wound-facing sulfide of the baddng; and (3) a l^er of dry 
materials cniqnismg an efifective amount, in combination, of (a) dry. viraUy- 
inactivaled, purified tissue fibrinogen complex, (b) dry. virally-inactivated, purified 
dmmdnn, afiBxed tt> the wound-firang sut&ce of fte adhedve layer or backing, and (c) 
calcium chloride. A removable, waterproof; soft photic, protective fihn was placed 
over Ae 1^ of dry materials and tiie eiqwsed adheave sut&ce of the bandage for 
stable storage purposes. In operation the waterproof, protective fihn is removed prior 
to 4e qjplication of the bandage over Ae wounded tissue. The bandage was ^lied 
witii pressure until the TS has formed over the target area. 

The fibrin wi lyw* bandage was tested using a conventional, adhesive silicone 
patdi measuring 6 cm X 5 cm, having a total area of 30 cm'. Tlie dry components were 
placed over adhesive patdi to a dqiA of V& cm, so that the total volume of fibrin 
fbnnedbytheTSi9onfaydrationequaledl5cc(30cm>xVicm). The nuterials used 
were: 360 mg of topical fibrinogen complex (TFC), described previously; 
zppaaanmOy 340 U dnombin. also described previously; and 88 mg CaGj (40 mM). 
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The binding capacity of the bandage for the diy material layer was, in part, 
dqioident upon applying the diy materiab as a unifonnly-ground, fine powder. The 
calcium chloride was ground to a fine powder and mixed with the finely ground 
lyophilized TFC and thrombin, and q>plied as a powder to the adhesive side of the 
silicone patch and allowed to adhere to form the fibrin sealant patch. In addititmal 
versions of the fibrin sealant bandage, the diy materiab were mixed and ground 
together. 

Significantly nu»e of the findy ground powder adhered to the silicone patch 
pressure was qiplied. However, the quanti^ofdiy material added to the fibrin 
sealant bandage was quantifiable. It was found, for example, in one application using 
the silicone patch backing that an area. 2 X 1 cm*, when completely covered by the dry 
fibrin conqxmeots increased in wdgbt by 30 mg. This measurement was extrapolated 
to a diy fibrin ccmqxment mass per area covered on the baddng of 1 5 mg/cm^. 

The fibrin sealant patdi was applied to a damp cellulose sponge, representative 
of a tissue wound, so that the fibrin sealant component was adjacent to the surface of 
fte sponge. The sponge had been previously dampened with room-temperature distilled 
H,0. 

Fibrin formatim began to develop within 30 seconds of application. Widiin 
three imnutes of application, a fibrin gel had fonned afGxing die tissue sealing fibrin 
clottodieqioqgB. Tfaisfirstpatdiliydiatedbydiecndogenously available liquid was 
labeled FSB#1. 

The previous stqps were iqwaled to prepare patches FSB#2 through FSB#S. 
however, prior to fdadng the fibrin sealant bandage i^ainst the Awnprnrd cdlulose 
sponge, 8 ml of warm PBS were apfdled to the dry fibrin con^xments afSxed to the 
patch. Incubation of appUed patches FSB#2 through FSB#5 was at 37»C rather than 
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room temperature. The results, set foith in Table 10, exemplify the an applicauon of 
the fibiin sealant bandage embodiment wherein the diy materials are exogenously 
hydrated prior to ^jplicaticm. 

Patch FSB#3 was prepared the same as FSB#1, but absent the thrombin 
component Patch FSB#4 was prepared the same as FSB#1. but absem the TFC 
component Patch FSB#5 was prepared the same as FSB#1, but absent the calcium 
chloride component The results of each test were evaluated over time. As 
shownbelow in Table 10, a clotted gd fonned when the fibrin components were 
hydrated with PBS, but remained in sohition when either the fibrinogen or thrombin 
components were deleted from fibrin scalart bandage composition. Similariy, although 
a weak, wateiy gel was foimed after 30 minutes when the calcium component was 
deleted from the fibrin sealant bandage and from the hydrating fluid, the composition 
was unable to devdop into a tissue sealing fibrin dot 

To more deariy visualize the formation of the fibrin clot and Ae extend to 
which it bound to adjacem sui£ices, a small amoum toluidine blue was ground into the 
powdered filmn components as a color indicator. 

In practice, with sufSdcm lydiation the silicone patch was eaaly removed fiom 
the filnin clot after hydration of the diy, fibrin component b^rer. 

The fibrin sealam bandage. Simulated on silicone patches as described above, 
woe also fiMmd to effectively fiOT fibrin scab when tested on gelatin suifeces and 
vhw on rat tissue. Based on the successfidfimnationofthe fibrin seal to a variety of 
materiab and textures, indudii« basic »f whw testing on an uninjured lat 

win be conducted as descnljed in the prevkius Examples evahiating the TS com^ 
to optimize the hemostatic utility of the fibrin sealam bandage, and to estabUsh delivery 
kinetics of supplementary components to be added, e.g.. growth hormones, drugs. 
antiUotics, antiseptics, etc. 

TheSd/'Foammg Fibrin Sealam 

The presem inventt»s have prq»red a self-foaming fibrin seaUmt dressing for 
applying a tissue sealing composition to wounded tissue in a patient, wherein the 
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diessmg is applied as an «paiidable foam comprising an effective amount, in 
combination, of (1) virally-inactivated, purified fibrinogen complex, (2) virally- 
inactivated, purified thrombin, (3) calcium, and (4) a physiologically acceptable 
hydration agent; vvfaeiein said composition does not significantly inhibit fiill-thickness 
skin wound healing. In jnactice, the previously described TS components will be stored 
in a canister or tank wiA a pressurized propellant, so that the conqx>^^ 
to the wound site as an C3q>andable foam, which will within minute(s) form a fibrin seal . 

A bench model test system is prqpared fiom standard Amicon pressure 
chambers to dctcnnine optimal particle size. Particle size has proven to be important 
Prelimmary e3q>eriments have revealed that a reduction in particle size of the TFC, 
fibrin and calcium cQmponents results in a significant reduction in the time required to 
hydrate the reagents. 

Testing is also fdevam U> determining the feasibility of oombming all of the 
reagents witfun a single reservoir, or whether it is more advantageous to maintain each 
component in a separate reservoir until plication. Although probably more 
expensive, the latter canister prototype (having multiple separate reservoirs) may prove 
advantageous, in terms of stability aiKl long-term storage. 

The test system consists of cme or two pressure vessels driven by a pressurized 
reservoir coniaiiiiiig the pharmaceuticaUy accqslable Iqrdrating agent (e.g., water or 
PBS), and pressurized c o m pressed gas cylinders. The reagents are placed into the 
qjpropriate diamber(s) and the lesen^ir charged with hydrafi^ 
die piopelhmt at the desired pressure. Mixing of water and the reagents in their 
ittCTVom h acrrnnp?y*g^ by ftpgnmg cnnnectipg valves. The output is directed into 
other a single line, or m die case in vAiich the components remain sqiarated, into the 
joining piece of a Hemedics Fibrin Seahmt Dispenser. 

In the present case, the TFC was rdiydrated with 3 cc dH^O, and warmed to 
37''CtodiecQiiccntrati(ms!towninTable 11. The thrombin was rehydrated with 0.5 
cc CaCl} solution (100 mM) to the concentrations shown in Table II. The hydrated 
cfmqxments were mixed and carbonated water (10 cc) was added to produce the 
volumes dx>wn in Table 11. The resulting foaming mixture was placed in a vacuum 
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jar to increase the foaming. Vacuum pressure was applied until the foam dried. The 
result was a permanent, integrated, foamy mass of fibrin, which expanded 
approxin^ly S-fold, and which was both self-adherent and adherent to adjacent 
textured surfaces. 

The foam was also quantitatively measured in calibrated plastic beakers. After 
two mmutes, the volume of the foam was measured and Hit mass was gently piobed to 
detemiine that it had set Hie quantitative measurements of the expansion of the self- 
foaming fibrin sealant is indicated in Table II. Once set, the expandable foam was no 
longer adhesive to new surfiices. 

Based on the successfiil fomoation of the self-foaming fibrin dressing, animal 
studies will be conducted as described in the previous Examples evaluating the TS 
composition to optimize the hemostatic utility of the self-foam fibrin sealant dressing, 
and to establish ddivery kinetics of supplementaiy components to be added, e.^.. 
growdi homiones, drugs, antibiotics, etc. 

Other embodiments of the invmtion will be apparent to those of skill in the art 
fiom a consideration of this q^eciiication or practice of the invention disclosed herein. 
Since modifications will be iqpparent to tibose of skill in the art, it is intended thai this 
invention be limited only by the scope of the qipended claims. 



What is claimed is: 
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1. A fibrin sealant wound dressing for treating wounded tissue in a 
patient, which is apphtd as an expandable foam comprising fibrinogen in an 
amoum which is cq»ble of fcmning a fibrin matrix in die presence of Fa^ 
thrombin and Ca^. 

2. A fibrin seabnt wound dressing for treating wounded tissue in a 
patient, ^ch is qipfied as a bandage, cooqnisiqg: (i) an occlusive resorbable m 
non-resoibable backing, and (ii) a component layer comprising fibrinogen in an 
amount vAnch is cqiable of fonning a fibrin matrix in the presence of Factor XIII, 
thrombin and Ca^. 

3. The fibrin sealant dressing of claims 1 or 2, comprising at least 
one component selected fiom the groiq;> consisting of Factor XIII, thrombin and 
Ca**. 

4. The fibrin sealant dressing of claims 1 or 2, comprising Factor 
Xin, thrombin and Ca^. 

5. The fibrin sealant bandage of claim 2, fivther comprising a 
physiologically-accqytaMe adhesive layer. 

6. The fibrin sealant bandage ofdaimS, wherein a component layer 
is afBxed to Ae wound-&cing sur&ce of the adhesive li^. 

7. The fibrin sealant bandage ofdaimS,\;«teein said adhesive li^er 
conpises at least one nialerid having a lower shear or tensile streng^ 

of the fibrin matrix formed fiom fibrinogen in the presence of Factor XIII, 
thrombin and Ca^, thereby permitting removal of the backing without damage 
to the fibrin matrix or to tissue suuounding the wound. 

8. The fibrin sealant bandage of claim S, ^^toein the physiologically- 
acceptable adhesive layer is affixed to a sptd&c region of the backing. 

9. llie fibrin scalam bandage ofdaim 6, i^ierein the adhe^ve layer 
extends beyond oonqmnem kqrer so that iqx>n appUcadon of said 
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tfae padeni, the imenoimbexed adhesive 

to die wounds placing the component layer over the wound. 

1 0. The fibrin sealant bandage of claim 8, wherein said adhesive layer 
becomes soIuKlizcd or less sticky upon application, thereby permitting removal 
of the backing finom the fibrin matrix. 

11. The fibrin sealant bandage of claim 2, wherein the backing is a 
I^ysiologically-accqitable adhesive layer to ^ch the ccmiponent layer is affixed 
on the wound-&cing surface. 

12. The fibrin sealant bandage of claim 2, further comprismg a 
removable, waterproof, protective fifan over the component layer and the exposed 
suffice of said adhesive, wherein said fifan b ranovcd prior to qsplication of said 
bandage. 

13. The fibrin sealant dresang of any one of claims 1-12, i;**erein the 
matrix or componem Iqrer further cOTipiises m least <me comp^ 

the groi^ consisting of the following supplements: analgesics, antimicrobial 
compositions, antibodies, anticoagulants, anti-inflammatory compositions, 
antiproliferatives, cytokines, cytotoxins, cell proliferation inhibitors, 
cbemotfierq)eutic drugs, growth fictofs, hormones, interferons, lipids, 
oligonucleotides, osteoinducers, polymers* polysaccharides, proteoglycans, 
polypqstides, protease inhibitors, steroids, vasoconstrictors, vasodilators, 
vitamins, minends and stabilizers. 

14. The fibrin sealaiitdressiiigofclaim 13, v^ierein said growAfic^ 
is selected fiom the group consisting ofi fifarobbist growtfi fiurtors, including 
fibroblast growth fiu:tor*l, fibroblast growth fiu:tor-2 and fibroblast growth 
fcctor-4; platelet-derived growth fecior, insulin-binding growth fectors, including 
insulin-buiding growth fector-l and insulin-binding growth factor-2; epidermal 
growtii &ctor; transforining growtii fiwtors, inchiding transfonniiig gro^ 

a and transforming growth fiictor-p; cartilage-inducing factors, including 
cartila^Mndudiig &ctor-A and cartilage-inducing fector-B; osteoid-indudng 
factor; osteogenin and other bone growth factors: bone morphogenetic growtii 
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facuns; collagen growth foctor; hqiarin-binding growth &ctors, including 
hcparin-binding growdi fiictor-1 and heparin*-binding growth &ctor-2; cytokines; 
inlorferons; honnones and biologically active derivatives of said growtib factors. 

1 5. The fibrin sealant bandage of claims 13 or 14, herein said matrix 
or component layer further comprises at least one compound selected from the 
groiq> consisting of an effective amount of one or more inhibiting compoimds» 
one or more potentiating coii4X>unds» and biologically compatible derivatives 
thereof, wfaefein said inhibiting compounds inhibit biochemical activities of 
fiictors intofering with a biological function of said growth factor, ^ndiile said 
potentiating compounds potentiate and/or mediate biological activity of said 
growth factor. 

16. The fibrin sealaiitdicssiiig of claim 13, vdieietn said cytoto^^ 
cell prolifemtion inhibiting composition comprises at least one c o mpos i t i on used 
in chemotherqyy selected fiom the group consisting of alkylating agents, enzyme 
inhibitors, proliferation inhibitors, lytic agents, DNA synthesis inhibitors, 
membrane permeability modifiers, DNA intercalators, metabolites, mustard 
derivatives, protein production inhibitors, ribosome inhibitors, inducers of 
apoptoas, iitgiiing^ steroids, estrogen, testosterone, hormone analogs, insulins, 
taxol, taxotcre, geniamycin, ricin, diptheria toxoid, neurotoxins, vencmis and 
functionally equivalent analogs thereof 

17. The fibrin sealant dresaxy^ofany preceding claim, wherein said 
compound is released kmg tenn. 

18. The fibrin sealant dressing of daim 17, wherein said compound 
isinsolidibnn. 

19* The fiMn sealant dressing of daim 18, wherein upon application 
said conqxnmd is introduced into said matrix in solution in a carrier, said carrier 
having a lugher rate of dissohiticm tbm said composition contained therein, so 
dttt the conqxKSition is dqx)sited within the matrix as a solid predpitate. 

20. The fibrin sealant dressing of claim 17, wherein said compound 
interacts widi said fibrin matrix. 
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21. The fibrin sealant bandage of claim 17, wherein said compound 
is of sufficiently low solubility to permit localized, sustained-release from said 
fibrin matrix. 

22. The fibrin sealant bandage of claim 1 7, wherein the mass of said 
compound exceeds an amount which is soluble in the volume of said fibrin 
matrix, thereby penaiitting localized, sustained-release fix>m said fibrin matrix. 

23 . The fibrin sealant bandage of claim 22, vidioein upon qyplication 
said compound is introduced into said matrix as an emulsion. 

24. The fibrin sealant dressing of any preceding claim, wherein the 
matrix or component l^er fiirther comprises at least one of the following: 
demineralized bone matrix, including human demineralized bone matrix; bone 
morpliogenetic imoteins 1 to 8; and biologically compatible derivatives tfamof 

25. The fibrin sealant dressing of any preceding claim, i^erein the 
matrix and/or compraent layer comprises: fibrin, collagen, gelatin, chitin or 
chitosan, or a biologically compatible derivative thereof. 

26. The fibrin sealant bandage of any preceding claim, wherein the 
die resorbable backing comj^ises: fibrin, collagen, gelatin, chitin or chitosan, or 
a biologically compatible derivative thereof. 

27. Thefibrinsealantdressingofai^precedingcIaini,Mdiereinatleast 
one conqxment is dry or a gri. 

28. A fibrin sealamdresai^ftrtreflliiigwDuiided tissue in a p^ 

in accofdance vnUb my preceding daun in vMth fbt dressmg is applied diy. 

29. The method of claim 28 wherein said dressing is a dry, sprayable 
powder. 

30. The method of treadng wounded tissue in a patient according to 
any one of claims 27-29, wfaerem said diy dressing or component thereof is 
hydrated by a physiologically acceptable hydrating agent prior to, or at the time 
of, application to wounded tissue, or by endogenous fluids escaping from said 
wound. 
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3 1 . The fifarin sealant dressing of claim 30» ^vfaerein the dressing is a 
bandage and a jdiysiologicaUy^acceptable hydrating agent is contained within a 
separate layer of said bandage. 

32. The 5un>Iemented fifarin sealant matrix v^ch is formed upon 
qyplicadon of the fifarin sealant dressing of any preceding claim. 

33. The method of preparing the fifarin sealant dressing of claim 1, 
wherein said oonqponents are stored within one or more ooaqwtments of a foam- 
forming device. 

34. The m^hod of preparing the fifarin seahmt dres^ng of any 
preceding claim, herein sud componaits include at least one material which 
produces gas iipon hydration. 

35. The meduxl of preparing the fifarin sealant dressing of claim 34, 
wherein fiiaming results fimn gas produced fiom: a component material upon 
hydration m an amoum suflBdent to cause foam; a hydrating agent siq^ersati^^ 
with gas» whidi upon activation or release causes the fifarin-forming components 
to foam; or, a propellant vMch upon activation or release causes the fifarin- 
fonning compcments to foam. 

36. The method of piqiaring the fifarin sealant dressing of any 
preceding claim, \^ierein at least one matrix-forming material is stored within 
said foam-fonning device in l^drated form. 

37. The method of piq»ring the fibrin sealant dresring of any 
precediiv daim» vAieiein said components are extruded fiom a foam-forming 
device by gas pressure exceecfing that of file enviromnent 

38. The fibrin sealant dressing of any preceding claim, fiirtfaer 
compnsmg a chemical foaming agent and/or a hydrating agent 

39. The method of preparing the fibrin sealant dressing of any 
pecedii^ claim, v^ierein at least ou conqxment is dry or a gel. 

40. Tteinethodoftreating wounded tissue in a patient by 2qn>lying to 
said wound the fibrin sealant dressing of any precedmg claim. 
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